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Background: High-intensity acute exercise is known to induce oxidative stress and may lead 
to harmful oxidation of lipids, and protein and DNA damage. On the other hand, exercise is 
known to positively influence risk factors of atherosclerosis, such as LDL and HDL cholesterol. 
The role of oxidized LDL lipids as a major risk factor in atherosclerosis is well-established; 
however, the significance of oxidized HDL lipids has not yet been determined.  
  
Aim: The aim of this study is to investigate the acute and training effects of various types of 
physical exercise and training background on oxidation of LDL and HDL lipids and antioxidant 
capacity. The subject of this study consists of three different sets of data. A total of 223 
individuals participated in the study, 188 of which were endurance runners, and 35 were ice 
hockey players. Participants ranged in age from 20–69 years old.   
 
Results: Regular low-intensity training and better maximal oxygen uptake leads to decreased 
oxidative stress levels compared with high-intensity training. Lactobacillus GG (LGG) 
probiotics do not protect endurance runners from oxidation of LDL lipids. Low levels of 
exercise combined with increased carbohydrate intake induces oxidation of LDL lipids within 
as little as 6-days. Acute physical exercise increases the concentration of oxHDLlipids in serum. 
Oxidative stress and the removal of lipid oxidation products by HDL are greater during athletes’ 
acute physical activity, and less during normal training.  
 
Conclusions: Low-intensity aerobic exercise training protects our bodies by decreasing the 
levels of oxidative stress compared with anaerobic and high-intensity exercises. Aerobic 
exercise especially decreases oxLDLlipids levels in the human body and, at the same time, 
increases the removal of lipid peroxides through transport mechanisms of HDL. The results 
presented in this thesis strengthen the role of aerobic exercise in preventing atherosclerosis and 
give a new aspect to the clearing protective role of HDL.  
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Tausta: Intensiteetiltään voimakkaan liikunnan tiedetään aiheuttava oksidatiivista stressiä 
aiheuttaen kudoksiin haitallista rasvojen, proteiinien ja DNA:n hapettumista. Toisaalta on 
todistettu liikunnan vaikuttavan positiivisesti valtimonkovettumataudin riskitekijöihin, kuten 
LDL –ja HDL-kolesteroliin. Hapettuneen LDL-kolesterolin rooli yhtenä merkittävämpänä 
riskitekijänä valtimonkovettumataudissa tiedetään, mutta hapettuneen HDL-kolesterolin 
merkitys on vielä epäselvä.  
 
Tavoitteet: Väitöskirjatyön tavoitteena on ollut tutkia fyysisen harjoittelun ja aerobisen kunnon 
vaikutusta pitkäaikaisessa ja akuutissa rasituksessa LDL ja HDL-lipidien hapettumiseen ja 
antioksidanttikapasiteettiin. Tutkimuksen koehenkilöt muodostuivat kolmen eri aineiston 
pohjalta. Tutkimukseen osallistui yhteensä 223 mieshenkilöä, joista kestävyysjuoksijoita oli 
188 ja jääkiekkoilijoita 35. Ikähaitari tutkituilla oli 20-69 vuotta.  
 
Tulokset: Pitkäaikainen matala intensiteettinen harjoittelu ja parempi kestävyyskunto 
aiheuttavat vähemmän lipidien hapettumista kuin voimakas intensiteettinen harjoittelu. 
Lactobacillus GG (LGG) probiootit eivät suojaa kestävyysjuoksijoita LDL-lipidien 
hapettumiselta. Vähäinen aerobinen liikunta yhdistettynä hiilihydraattipitoiseen ruokavalioon 
lisää oxLDL -pitoisuutta merkittävästi jo lyhyessä ajassa. Akuutti fyysinen liikuntasuoritus 
nostaa oxHDL -pitoisuuksia verenkierrossa. OxHDL –pitoisuus nousee aikaisemmin, jos 
harjoitus vastaa urheilijan harjoitushistoriaa.  
 
Johtopäätökset: Aerobinen matala intensiteettinen liikunta suojaa elimistöä vähentämällä 
oksidatiivisen stressin pitoisuuksia anaerobiseen korkean intensiteetin liikuntaan verrattuna. 
Erityisesti aerobinen liikunta vähentää oxLDL –pitoisuuksia elimistössä ja samalla lisää 
hapettuneiden lipidien poiskuljetusta lisäämällä oxHDL –pitoisuuksia verenkierrossa. Tässä 
väitöskirjassa esitetyt tulokset vahvistavat aerobisen liikunnan roolia valtimonkovettumataudin 
ennaltaehkäisyssä ja toisaalta tuovat uuden näkökulman HDL:n suojaavasta roolista 
hapettuneiden lipidien poiskuljettajana. 
 
Avainsanat: aerobinen liikunta, anaerobinen liikunta, hapettunut HDL, hapettunut LDL, 
valtimonkovettumatauti 
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ABAB   2,2′azobis(2-amidinopropane)HCl 
AHA   the american heart association 
ATP   adenosine-5 triphosphate  
BMI   body mass index 
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oxHDLlipids  oxidized HDL lipids 
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RONS   reactive oxygen and nitrogen species 
ROS   reactive oxygen species 
TRAP total radical peroxyl trapping antioxidant 
potential 
VO2max   maximal oxygen uptake 
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1. INTRODUCTION    
The normal process(es) of the human body produce(s) unstable molecules. These molecules are 
mostly free radicals, which may lead to lipid peroxidation and damage cells, creating more free 
radicals (Sies 1985). On the other hand, we have antioxidant defences to control free radical 
(oxidative) damage. Exogenous (consumed from diet and other sources) and endogenous 
(produced inside the body) are the two main kinds of antioxidants. When oxidative stress 
induced by free radicals overwhelm these antioxidant systems, lipid peroxidation and cell 
damage can occur, contributing to atherosclerosis and heart disease (Gray et al. 2011; Radak et 
al. 2013).  
Since Harman (1956) first discovered free radicals, there has been debate over whether they are 
necessary for our well-being or if they cause aging and disease. We now know that oxidative 
stress caused by free radicals, in small amounts, improves health. Furthermore, it is essential 
because it promotes antioxidant production in the body via molecule signalling (Dröge et al. 
2002; Radak et al. 2008).   
All forms of exercise produce free radicals, which is one reason that exercising is beneficial to 
health (Fischer-Wellman 2009). If oxidative stress is not excessive and chronic, the human 
body recovers from free radicals and becomes more resistant to oxidative stress in time. This 
adaptation mechanism is one way that regular moderate exercise can protect our bodies and 
improve health (Gomez-Cabrera 2008; Wagner et al. 2011; Steinbacher & Eckl 2015). However, 
the human body only has a limited capacity to protect against radical damage by the up-
regulation of antioxidant functions. Some researchers believe that endurance training generates 
a large amount of free radical outstripping of the antioxidant system, which leads to harmful 
effects of oxidative stress (Radak et al. 2008; Patil et al. 2012). The main source of free radicals 
is mitochondria, and during endurance exercise, large quantities of oxygen are inhaled into the 
body, increasing the metabolism in mitochondria. In theory, this can produce more free radicals 
(Radak et al. 2013; Fischer-Wellman 2009). Moreover, it has been shown that anaerobic 
training can produce an increase in oxidative stress similar to that of aerobic training, despite 
the much higher oxygen intake (Alessio et al. 2000). Also theoretically, endurance exercise, 
both anaerobic and aerobic, can run out our body’s antioxidants, leads to rise of free radicals 
and increases the risk of atherosclerosis (O’keeefe et al. 2012). 
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According to the World Health Organization (WHO), cardiovascular disease (CD) is the most 
common cause of death globally, and physical inactivity is one of the major risk factors for 
developing CD. As mentioned above, in theory, physical exercise may lead to lipid peroxidation, 
and oxidation of lipid products in low density lipoproteins (LDL) especially increases the risk 
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that HDL may also have role in reverse transport of lipid peroxidation products, and show that 
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2.1.  ATHEROSCLEROSIS AND CARDIOVASCULAR DISEASE 
 
2.1.1.  Atherosclerosis relation to ischemic heart disease 
Atherosclerosis of coronary arteries is the most common cause of morbidity and premature 
death of non-communicable diseases globally (GBD 2015). Atherosclerosis begins in early 
childhood and progresses slowly with age, usually symptoms does not occur until middle or 
older age. Exactly how atherosclerosis begins or what causes it is not know, but few theories 
have been proposed. However, we know that certain habits or conditions can elevate the risk 
for this disease, these conditions are known as risk factors. The most common risk factors for 
coronary artery disease are high LDL cholesterol, low HDL cholesterol, high blood pressure, 
lack of exercise, family history, diabetes, smoking, for women being post-menopausal, and for 
men being older than 45 (AHA 2015). Other associated risk factors include obesity, a sedentary 
lifestyle, low socio-economic status and low birth weight. Atherosclerosis can occur in any 
artery in human body, including arteries in the brain, heart, limbs and kidneys. Atherosclerosis 
of coronary arteries, also called coronary heart disease (CHD), develops when plaque builds up 
in artery wall.  Atheroma or plaque formation due to atherosclerosis is one the most common 
causes of a reduced coronary blood flow. Symptoms of angina pectoris develop when there is 
imbalance between myocardial oxygen supply and demand. In other words, if the artery is too 
narrow to allow an adequate blood flow in the face of increased oxygen consumption, it causes 
myocardial ischemia. Acute coronary syndromes or even death can occur when the 
atherosclerotic plaque develops a fissure or rupture.   
Prevention of atherosclerosis in normal subjects is largely a matter of lifestyle. Control of blood 
pressure, weight reduction, smoking cessation, dietary modifications and regular exercise are 
all of benefit and therefore widely promoted. There is good evidence from many different 
studies that treatment with cholesterol-lowering drugs decreases the rates of cardiac events both 
in patient with a history of coronary heart disease and in asymptomatic subjects with 
hypercholesterolemia (Feingold & Grunfeld 2016). Statins are still the most widely used 
cholesterol-lowering compounds.  
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2.1.2.  Lipid theory of atherosclerosis 
Serum lipoproteins are the transporters of lipids and lipid soluble materials in the bloodstream 
and from the liver. LDL delivers cholesterol to peripheral tissues and HDL mediates the reverse 
transport mechanisms (Barter et al. 2007). Elevated plasma cholesterol has been linked to a 
higher incidence of atherosclerosis as long as over four decades ago (Ross 1976). High levels 
of plasma LDL especially accelerate the formation of atherogenic plaque (Pyörälä et al. 1994). 
According to the National Institute of Health (NIH 2002 & 2004), the incidence rises over a 
total plasma cholesterol value of 5.17 mmol/L, an LDL cholesterol value of 2.59 mmol/L, a 
triglycerides value of 1.69 mmol/L, and under an HDL cholesterol value of 1.03 mmol/L. This 
lipid theory has been the main reason for statin drug usage. Furthermore, plasma lipoproteins 
contain lipophilic materials including lipid oxidation products, which are known to have 
negative effects on normal physiological functions and stimulate atherosclerosis processes 
(Ahotupa et al. 2017). The transport of lipid oxidation products by lipoproteins is poorly 
recognized and has gained little attention. The is an alternative that the transport of atherogenic 
lipid oxidation products will turn out to be a crucial element in development of atherosclerosis. 
 
2.1.3.  Oxidation theory of atherosclerosis 
Atherosclerosis takes place when the walls of medium size arteries are thickening, because of 
fibrous and lipid tissue deposition. This process narrows the artery lumen and decreases the 
blood flow. However, the reasons behind this plaque development have not yet fully been 
discovered. The theory of chronic inflammation and lipid oxidation has been suggested to be 
one of the major reasons of early onset of atherogenesis. According to this theory, the 
development of atheroma is initiated by lipid oxidation and vascular production of reactive 
oxygen species (ROS). ROS are linked to endothelial dysfunction/injury due to a rapid decrease 
in anti-atherogenic and anti-inflammatory activities of endothelium-derived nitric oxide (Ellulu 
et al. 2016). The oxidation of LDL is known to be involved in coronary heart disease due to 
atherosclerosis. Oxidized LDL injures the arterial wall, and the retention of apoB containing 
lipoproteins in the artery wall leads to an inflammatory response that activates the atherogenic 
pathway, which promotes foam cell formation (Li D 2005). Nevertheless, atherosclerotic lesion 
formation can be separated from the manifestation of the lipid peroxidation in the arterial wall. 
Oxidative events and atherosclerosis are not causally linked, suggesting that the oxidation of 
lipids is not essential for foam cell formation (Stocker & Keaney 2004).  
2.1.4.  Oxidative response to inflammation hypothesis of atherosclerosis 
The hypothesis that atherosclerosis is an inflammatory disease has been discussed for over 20 
years in the field of cardiology. The fact is that inflammation promotes all phases of 
atherosclerosis, from its inception (endothelial dysfunction, recruitment of immune cells, 
modifications of LDL, foam cell formation, and apoptosis) to the acute thrombotic 
complications induced by plaque rupture or erosion that ultimately follow (Ramji & Davies 
2015). In the early 1970s, Ross discovered that atherogenic diets generated inflammatory cell 
adhesion to the arterial wall. Many studies following this observation have established that 
circulating markers of inflammation (e.g. sensitive C-reactive protein, myeloperoxidase, 
adhesion molecule-1) are predictive of both atherosclerosis and clinical events of 
atherosclerosis (Hwang et al. 1997; Malik et al. 2001; Libby 2002; Pradhan et al. 2002). In 
addition, studies have shown that hypercholesterolemia induces atherogenic plaque formation 
by accelerating macrophage innate immune signalling pathways, which connect elevated serum 
lipids to a pro-inflammatory signalling cascade (Björkbacka et al. 2004). It is well-addressed 
that oxidative stress is a by-product of inflammation (Shishehbor et al. 2003). The inflammatory 
process produces ROS and reactive oxygen and nitrogen species (RONS), but their role in the 
inflammation of vascular diseases is not yet clear. However, there is evidence that ROS promote 
vascular injury, yet are also responsible for promoting tissue reorganisation and regenerative 
responses to injury (Chenz et al. 2004; Stocker & Keaney 2004). According to this oxidative 
response to the inflammation hypothesis, the injurious response to cardiovascular risk factors 
is due to the inflammatory reaction in the vascular wall, which is the resultant of lipoprotein 
retention and vascular injury (Stocker & Keaney 2004).  
 
2.2. LIPOPROTEINS, OXIDATIVE STRESS AND 
ATHEROGENIC PLAQUE FORMATION 
 
2.2.1.  Oxidative stress and oxidized LDL 
Oxidative stress is caused by an imbalance between the production of ROS and the anti-oxidant 
defence system (Sies 1985) and may lead to the oxidation of lipids, proteins and nucleic acids. 
Moreover, the attack of ROS against LDL alters it into a more reactive lipoprotein called 
oxidized LDL (oxLDL). This modified oxLDL is exposed by scavenger receptors of 
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macrophages and is toxic to endothelial cells (Henriksen1981; Hessler 1983). Furthermore, 
several studies have indicated that the oxidation of LDL is the primary event inducing the 
initiation and progression of atherosclerosis (Steinberg et al., 1989; Witztum, 1994, 
Parthasarathy et al. 1998; Steinberg & Witzum 2002). As mentioned previously, oxidized LDL 
particles cause endothelial dysfunction and initiates the inflammatory cascade, which 
eventually leads to atherosclerosis. It is very important to understand that oxidized LDL 
particles are a very heterogenous group, and the oxidation of LDL by lipid peroxidation is a 
progressive progress that includes three phases: minimally oxidized LDLs, mildly oxidized 
LDLs and extensively oxidized LDLs (Jessup & Kritharides 2000; Miller et al., 2003). 
Minimally oxidized LDL particles (carrier of apoB lipoprotein) are not able to create foam cells 
(Jessup & Kritharides 2000; Miller et al. 2003; Berniler et al. 1990), but they can induce the 
migration of monocytes into the arterial wall by inflammation and chemotaxis (Berniler et al. 
1990). Inside the arterial wall, monocytes turn into macrophages, which are able to take up the 
extensively oxidized LDLs (oxLDL) and eventually convert to foam cells. Therefore, the 
oxLDLs have the greatest potential to create atherogenic plaque (Vasankari et al. 2001; Toikka 
et al. 2000; Raitakari et al. 2001; Toikka et al. 1999). 
 
2.2.2.  HDL relation to atherosclerosis and the reverse transport mechanism 
The function of high density lipoprotein (HDL) particles is to collect and carry lipid-soluble 
material, such as cholesterol, from peripheral tissue to the liver (Figure 1). Because of the 
reverse transport mechanism, HDL cholesterol is referred to as “good cholesterol” (Rye 2009). 
A large scale of evidence has accumulated pointing that lipoprotein lipid oxidation products 
transport is linked to to the risk of atherosclerosis. High level of lipid oxidation products 
transported by HDL occurs to associate with lower risk of atherosclerosis, while high level of 
lipid oxidation products in LDL are indicative of elevated risk (Ahotupa 2017). According to 
the American Heart Association, a low HDL cholesterol concentration is an independent risk 
factor for coronary heart disease, and levels of below 1.04 mmol/L have been linked to an 
increased onset of metabolic syndrome (MetS) and acute myocardial infarct (Ford et al. 2002; 
Burku et al. 1997; Barter et al. 2007; Gordon et al. 1989). A low concentration of HDL 
cholesterol can be caused by many factors, including smoking, dietary intake and physical 
inactivity.  
Chronic inflammation, dysfunction of endothelia and oxidative stress have been established as 
the major initiators of atherosclerosis. The protective role of HDL particles in atherogenesis 
seems to be opposite to that of LDL particles (e.g. Lewis & Rader 2005; Stein & Stein 1999). 
HDL particles consist of subpopulations of HDLs of various sizes (Rye et al. 2009), and have 
many anti-atherogenic functions, such as reverse cholesterol transport, anti-inflammatory, anti-
oxidative and anti-thrombotic properties (Kontush 2009; Navab 2011; Wan Ahmad 2015). For 
example, several studies have shown that HDL particles can be anti-thrombotic in that they 
enhance the endothelium function and repair injuries, but the capability of these particles to 
inhibit monocytes binding into the endothelium by down-regulating the expression of 
endothelial cell adhesion molecules also plays an important role (Cockerill 1995; Patel 2010; 
Tso et al. 2006; Mineo et al. 2006; Murphy et al. 2008; Rye et al. 2009; Nofer et al. 2002). The 
antioxidant and anti-inflammatory features of HDL cholesterol have been reported in various 
studies. Ansell et al. found a negative correlation between the concentration of HDL cholesterol 
and high-sensitivity C-reactive Protein, indicating anti-inflammatory effects of HDL (Ansell et 
al. 2003). Despite these several studies pointing the anti-atherogenic properties of HDL, some 
doubts have risen in recent studies (Boden et al. 2011; Feig et al. 2014; Schwarz et al. 2012;). 
It is obvious that more research is needed to understand the basic mechanisms of HDL function 
and how it relates to the antiatherogenic properties. 
Serum lipoproteins are known to carry variable amounts of lipid peroxides. A recent study 
suggests that HDL particles may transport lipid oxidation products during physiological 
conditions (Ahotupa et al. 2010). Furthermore, there is some evidence indicating that HDL does 
not only remove excess cholesterol, but also actively removes lipid oxidation products (Shao 
& Heinecke 2009; Ahotupa et al. 2010). Regarding this transport, Christison et al. have shown 
that cholesteryl transfer protein can mediate the transport of LDL-associated oxidized lipids to 
HDL (Christison et al. 1995). Our studies have also found that under physiological oxidative 
stress, induced by acute physical exercise, the concentration of oxidized HDL lipids 
(oxHDLlipids) increases, indicating accelerated transport of noxious lipid peroxides by HDL 
(Figure 1). Furthermore, one recent study done with elderly women showed that a 6 months’ 
supervised physical activity program elevated the concentration of oxHDLlipids and the ratio 
of oxHDLlipids : HDL cholesterol (Tiainen et al. 2016). However, there is very little data 
regarding to improve the transport function of lipid oxidation products by HDL. The 
components determining the lipid oxidation products transportation capacity of HDL needs 
better and deeper understanding before it is possible to discover ways to adjust this function. 
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Raitakari and Ahotupa (unpublished data) have taken a step to this direction by showing that 
oxHDLlipids concentration was highest in the very large and large HDL, and was strongly 
involved to phospholipid contents of HDL particles. These findings would be in line with two 
other studies, which have reported that phospholipid component of HDL serve as a significant 








2.2.3.  Antioxidant system 
Metabolic reactions in the body are constantly producing free radicals and non-radicals such as 
reactive oxygen/reactive nitrogen species, creating a pro-oxidant state. Pro-oxidants may cause 
lipid peroxidation, protein oxidation and oxidative deoxyribonucleid acid (DNA) damage, 
which can lead to cellular/tissue damage. Because of the potential of pro-oxidants to attack 
macromolecules, the human body creates antioxidants to balance the oxidative state. The key 
role of antioxidants is to inhibit the oxidation of other molecules. Antioxidant protection in the 
human body consists of several antioxidant mechanisms: nonenzymatic antioxidants (such as 
vitamins E and C, glutathione, uric acid, albumin, bilirubin, ceruloplasmin, transferrin) and 
antioxidant enzymes (such as superoxide dismutases, catalase, glutathioneperoxidases, 
gluthathionereductase) (Halliwell 1991).   
Since the antioxidant protection system of the human body consists of several mechanisms, the 
antioxidant capacity as a whole cannot be determined by measuring only one or a few individual 
antioxidants. Therefore, several methods have been generated to estimate the antioxidant 
capacity. The serum total peroxyl radical trapping method (TRAP) is one of the most employed 
methods that evaluates antioxidant capacity. The TRAP analysis involves the trapping of 
peroxyl radicals from serum samples ex vivo (Wayner et al. 1985; Lissi et al. 1992). However, 
serum concentrations of certain antioxidant compounds may significantly affect the serum 
TRAP value. In particular, the elevated serum concentration of vitamin E (α-tocopherol), which 
is known to be one the most powerful antioxidants in the lipid-aqueous system in vitro, raises 
the serum TRAP value (Vasankari et al. 1997). In addition to vitamin E, uric acid and vitamin 
C are also known to significantly raise TRAP values (Kaur & Halliwell 1990; Kanter et al. 
1993). On the other hand, we know that acute physical exercise increases the concentration of 
vitamin E (Pincemail et al. 1988) and uric acid in plasma (Svensson et al. 2002). At this point, 
it is imperative to understand that our bodies are constantly producing ROS products that fight 
against pathogens, and these pro-oxidants serve as stimuli for antioxidant production (Radak et 
al. 2007). For example, physical exercise is a well-recognised model of oxidative stress, which 
increases the cellular pro-oxidant states (Sies 1997; Bloomer 2008). Exercise is also known to 
create a stimulus to up-regulate the endogenous antioxidant systems (Fisher-Wellman & 
Bloomer 2009; Radak et al. 2013).  
 
Paraoxonases are a group of three enzymes called PON1, PON2 and PON3. These enzymes 
function in various biochemical pathways such as protection against lipid peroxidation and 
oxidative damage. Furthermore, they are known to have role in contribution of innate immunity 
system and detoxification of reactive molecules (Martinelli et al. 2013). The most studied 
enzyme of paraoxonase family is PON1 (Camps et al. 2009; Costa et al. 2005; Furlong et al. 
2010; Costa et al. 2011). The synthesis of PON1 takes primarily place in the liver and is 
associated with HDL in serum (Mackness et al. 1991). Furthermore, small amount of PON1 is 
bound to VLDL and postprandial chylomicrons. PON3 also occurs in serum bounding to HDL 
and PON2 is located intracellularly. Because of the protective role from poisoning by 
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2.2.3.  Antioxidant system 
Metabolic reactions in the body are constantly producing free radicals and non-radicals such as 
reactive oxygen/reactive nitrogen species, creating a pro-oxidant state. Pro-oxidants may cause 
lipid peroxidation, protein oxidation and oxidative deoxyribonucleid acid (DNA) damage, 
which can lead to cellular/tissue damage. Because of the potential of pro-oxidants to attack 
macromolecules, the human body creates antioxidants to balance the oxidative state. The key 
role of antioxidants is to inhibit the oxidation of other molecules. Antioxidant protection in the 
human body consists of several antioxidant mechanisms: nonenzymatic antioxidants (such as 
vitamins E and C, glutathione, uric acid, albumin, bilirubin, ceruloplasmin, transferrin) and 
antioxidant enzymes (such as superoxide dismutases, catalase, glutathioneperoxidases, 
gluthathionereductase) (Halliwell 1991).   
Since the antioxidant protection system of the human body consists of several mechanisms, the 
antioxidant capacity as a whole cannot be determined by measuring only one or a few individual 
antioxidants. Therefore, several methods have been generated to estimate the antioxidant 
capacity. The serum total peroxyl radical trapping method (TRAP) is one of the most employed 
methods that evaluates antioxidant capacity. The TRAP analysis involves the trapping of 
peroxyl radicals from serum samples ex vivo (Wayner et al. 1985; Lissi et al. 1992). However, 
serum concentrations of certain antioxidant compounds may significantly affect the serum 
TRAP value. In particular, the elevated serum concentration of vitamin E (α-tocopherol), which 
is known to be one the most powerful antioxidants in the lipid-aqueous system in vitro, raises 
the serum TRAP value (Vasankari et al. 1997). In addition to vitamin E, uric acid and vitamin 
C are also known to significantly raise TRAP values (Kaur & Halliwell 1990; Kanter et al. 
1993). On the other hand, we know that acute physical exercise increases the concentration of 
vitamin E (Pincemail et al. 1988) and uric acid in plasma (Svensson et al. 2002). At this point, 
it is imperative to understand that our bodies are constantly producing ROS products that fight 
against pathogens, and these pro-oxidants serve as stimuli for antioxidant production (Radak et 
al. 2007). For example, physical exercise is a well-recognised model of oxidative stress, which 
increases the cellular pro-oxidant states (Sies 1997; Bloomer 2008). Exercise is also known to 
create a stimulus to up-regulate the endogenous antioxidant systems (Fisher-Wellman & 
Bloomer 2009; Radak et al. 2013).  
 
Paraoxonases are a group of three enzymes called PON1, PON2 and PON3. These enzymes 
function in various biochemical pathways such as protection against lipid peroxidation and 
oxidative damage. Furthermore, they are known to have role in contribution of innate immunity 
system and detoxification of reactive molecules (Martinelli et al. 2013). The most studied 
enzyme of paraoxonase family is PON1 (Camps et al. 2009; Costa et al. 2005; Furlong et al. 
2010; Costa et al. 2011). The synthesis of PON1 takes primarily place in the liver and is 
associated with HDL in serum (Mackness et al. 1991). Furthermore, small amount of PON1 is 
bound to VLDL and postprandial chylomicrons. PON3 also occurs in serum bounding to HDL 
and PON2 is located intracellularly. Because of the protective role from poisoning by 
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organophosphate derivates, the focus is gathered around PON1 in most of the studies. The 
antioxidant activity of HDL against oxidation of LDL is suggested to be due PON1 enzyme 
activity, therefore it has been discussed whether low serum PON1 activity is associated with 
coronary heart disease (Durrington et al. 2001).  
 
2.2.3 Probiotics 
Probiotics are defined as living bacteria with proven beneficial effects to human health. 
According to their ability to modulate metabolic and immune functions, they are presented for 
therapeutic, prophylactic and nutritional purposes (Scarpellini et al. 2008). These widespread 
beneficial effects of probiotics on human health are associated with enhancing immune 
response (Kawashima et al. 2011), lowering serum cholesterol (Lee et al. 2009), reducing gut 
inflammation (Armit-Romach et al. 2010), decreasing intestinal dysfunction and improving the 
immunological barrier functions of the intestine (Ohland et al. 2010). In addition, antioxidative 
effects have been reported in several studies (Kaizu et al. 1993; Lin & Yen, 1999; Lin & Chang, 
2000; Kullisaar et al. 2002). Due to the strong evidence that chronic inflammation and oxidative 
stress are associated with atherosclerosis, researchers have suggested that probiotics may have 
potential in the prevention of atherosclerosis. Furthermore, Kullisaar et al. show that 
Lactobacillus fermentum decreases the amount of oxidized LDL particles in serum (Kullisaar 
et al. 2003).  However, the use of probiotics together with exercise training among athletes is 
not well known. 
 
2.3.  EXERCISE AND OXIDATIVE STRESS 
It is widely accepted that physical exercise is beneficial to health and that being physically 
active on a regular basis prevents and delays many diseases, especially cardiovascular disease. 
Many studies have indicated that physical exercise positively affects risk factors of 
cardiovascular disease (Jenkins 1988; Mora et al. 2007; Swift et al. 2013). However, during 
exhaustive physical exercise, a large amount of oxygen is inhaled into the body, and thus creates 
oxidative stress by increasing the cellular pro-oxidant states (Davies et al. 1982; Jenkins 1988), 
which in turn creates free radicals. If the cells in the antioxidant system are outstripped by free 
radicals, oxidative stress increases above healthy levels, causing lipid peroxidation, and protein 
and DNA damage. In theory, this is possible in intense and extreme exercise, even in highly 
trained individuals (Radak et al. 2008; Patil et al. 2012). Radak et. al (2008) suggest that intense 
endurance exercise creates more free radicals than our cells can protect. However, free radical 
generation induced by exercise, whether it is moderate or intense, is needed to promote a 
beneficial effect of physical activity. Increased cellular pro-oxidant levels trigger endogenous 
production of antioxidants, leading to better protection against oxidative stress in the future 
(Knetz et al. 2006; Vollaard et al. 2005; Wagner et al. 2011).  
Indeed, acute exercise challenges the body with increased reactive oxygen and nitrogen species 
(RONS) production, while regular exercise induces antioxidant and anti-inflammatory 
enhancements. In the human body, RONS are eliminated by the non-enzymatic (e.g. glutathione 
peroxidase, catalase, superoxide dismutase) and enzymatic (e.g. uric acid, vitamin A, vitamin 
C, vitamin E) antioxidant systems (Finaud et al. 2006a). Immediately after exercise, free radical 
formation is induced mainly by increased activity of nicotine adenine disphosphonucleotide 
and xanthine oxidase as well as electron leakage from mitochondria (Konig et al. 2001). During 
the recovery period of 2 to 72 hours after exercise, neutrophils are infiltrated into injured muscle 
tissue generating free radical production as part of an overall inflammatory response to exercise 
(Fatouros & Jamurtas 2016). Furthermore, chronically inactive people have lower levels of 
endogenous antioxidants (Nyberg et al. 2014). Moderate exercise training modifies the 
oxidative balance, leading to a better endogenous antioxidant state by decreasing basal levels 
of oxidative damage and by increasing resistance to oxidative stress (Urso & Clarkson 2003).  
 
Exercise can be defined as aerobic or anaerobic exercise depending on how metabolic process 
occurs. Both types of exercise produce energy through glycolysis, but the substance used to 
break glucose to pyruvate is different. During aerobic training oxygen is catalyst used for 
breaking down glucose, while during anaerobic exercise body utilize a molecule, which is 
stored in the muscle tissue, called phosphocreatine to break down glucose. During aerobic 
exercise heart rate and respiration level increases. Respiration transports oxygen from the 
outside air to cellular tissue and carbon dioxide in the opposite direction. The energy required 
to perform aerobic exercise comes from carbohydrates and fats. However, during anaerobic 
exercise the energy sources are derived from adenosine-5 triphosphate (ATP) and creatinine 
phosphate.  
Aerobic exercise training enhances cardiorespiratory functions. Teixeira-Lemos et al. (2011) 
show that aerobic exercise is capable of decreasing levels of hypoxanthine, which is the 
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organophosphate derivates, the focus is gathered around PON1 in most of the studies. The 
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C, vitamin E) antioxidant systems (Finaud et al. 2006a). Immediately after exercise, free radical 
formation is induced mainly by increased activity of nicotine adenine disphosphonucleotide 
and xanthine oxidase as well as electron leakage from mitochondria (Konig et al. 2001). During 
the recovery period of 2 to 72 hours after exercise, neutrophils are infiltrated into injured muscle 
tissue generating free radical production as part of an overall inflammatory response to exercise 
(Fatouros & Jamurtas 2016). Furthermore, chronically inactive people have lower levels of 
endogenous antioxidants (Nyberg et al. 2014). Moderate exercise training modifies the 
oxidative balance, leading to a better endogenous antioxidant state by decreasing basal levels 
of oxidative damage and by increasing resistance to oxidative stress (Urso & Clarkson 2003).  
 
Exercise can be defined as aerobic or anaerobic exercise depending on how metabolic process 
occurs. Both types of exercise produce energy through glycolysis, but the substance used to 
break glucose to pyruvate is different. During aerobic training oxygen is catalyst used for 
breaking down glucose, while during anaerobic exercise body utilize a molecule, which is 
stored in the muscle tissue, called phosphocreatine to break down glucose. During aerobic 
exercise heart rate and respiration level increases. Respiration transports oxygen from the 
outside air to cellular tissue and carbon dioxide in the opposite direction. The energy required 
to perform aerobic exercise comes from carbohydrates and fats. However, during anaerobic 
exercise the energy sources are derived from adenosine-5 triphosphate (ATP) and creatinine 
phosphate.  
Aerobic exercise training enhances cardiorespiratory functions. Teixeira-Lemos et al. (2011) 
show that aerobic exercise is capable of decreasing levels of hypoxanthine, which is the 
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substrate for xanthine oxidase, leading to less RONS production. On the other hand, intense 
and anaerobic exercise is shown to increase the levels of xanthine oxidase (Radak et al. 1995). 
Chronic exercise is demonstrated to optimise antioxidant environment by inhibiting the ROS 
formation and improving the cells’ capacity to neutralise ROS. 
There is evidence that endurance athletes live longer than the average life expectancy (Sanchis-
Gomar et al. 2011; Teramoto et al. 2010), and studies carried out with animals have shown that 
exhaustive exercise enhances the antioxidant system (Goto & Radak et al. 2009; Oztasan et al. 
2004). One study points to an increase of oxidative stress markers during rest in well-trained 
endurance athletes, but a closer look at this study reveals that participants were tested two days 
after a hard race, meaning that their bodies may not have had enough time to recover from this 
extreme oxidative stress-inducing exercise (Pittaluga et al. 2006).  
Exercise and oxidative stress are strongly linked. Regular moderate exercise is needed to get 
the beneficial effects on health. If one only exercises sporadically, it is possible that it leaves 
the body susceptible to oxidative stress because of the lack of adaptation mechanism induced 
by regular exercise (Wagner et al. 2011). Intense and extreme exercises can overwhelm the 
antioxidant protection system against free radicals, but one’s exercise history and fitness levels 
would be determinant of cellular capacity to decrease oxidative damage. The big question is: 
how much exercise is too much? Eijsvogels et al. have investigated this question in their study 
(Eijsvogels et al. 2016). 
3. AIMS OF THE STUDY 
High-intensity acute exercise is a well-known producer of oxidative stress (Finaud 2006b) and 
may lead to lipid peroxidation and the damage of proteins and nucleic acids (Sies 1985; 
Vasankari 1995). On the other hand, we recognise the beneficial effects of exercise to health, 
especially affecting the risk factors of cardiovascular disease (Kontush 2003: Vasankari 1998 
& 2000). Furthermore, higher levels of oxidized LDL particles are related to a higher risk for 
atherosclerosis. HDL particles seem to have a protective role, but the role of oxidized HDL is 
not yet fully understood. 
 
The aim of this study is to investigate how acute and longitudinal exercises affect 
cardiovascular risk factors and antioxidant capacity.  
 
The specific aims were: 
I. To investigate the long-term effects of anaerobic and aerobic type of exercise 
training (ice hockey vs. marathon runners) on lipid peroxidation (diene conjugation) 
and antioxidant function;  
II. To study 1) the response of a 3-month training period, a 6-day preparation period 
and marathon run on the concentration of oxidized LDL lipids and antioxidant 
capacity, and 2) how LGG-treatment may alter the above-mentioned physiological 
response; 
III. To study the link between endogenous oxidative stress, induced by acute exhaustive 
physical exercise, and oxidized HDL lipids. 
IV. To investigate how the physiological responses of various types of acute exercise in 
athletes, who are familiar with different type of training, affect oxidative stress and 
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training (ice hockey vs. marathon runners) on lipid peroxidation (diene conjugation) 
and antioxidant function;  
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4.  MATERIALS AND METHODS 
4.1.  SUBJECTS AND STUDY DESIGN 
Subjects were gathered from three different sets of data. The total number of subjects was 223, 
of which 188 were endurance runners and 35 were ice hockey players. The participants ranged 
in age from 20–61 years old. 
 
 4.1.1.  Longitudinal study of endurance runners and ice hockey players 
Twenty-three male national top level endurance runners and 35 male ice hockey players of the 
Finnish men’s national under-20 team were analysed for this study. Athletes’ basic 
characteristics are summarised in Table 1 below.  
Data was collected from participants at three different time points during one season. The three 
data collection points were chosen based on the training intensity of each sport. Endurance 
runners were tested in autumn–winter (low-intensity training season), in spring (preparation 
period before competition season, combination of low-intensity and interval training) and in 
summer (competition season with high-intensity training). Correspondingly, ice hockey players 
were tested in spring (training season with mainly low-intensity training), in summer (training 
season with both low and high-intensity training) and in winter (competition season with high-
intensity). The diets of the participants were standardised at the training camp for the two days 
preceding a test day. On the test day, fasting (12h) blood samples were taken from an antecubital 
vein at 7 o’clock. At the start of this study, all participants completed a physical performance 
test to determine maximal oxygen uptake; this test is characterised later in the text (see 4.2, 
treadmill tests). The following indicators were analysed from the subjects’ blood samples at 
each time point: serum diene conjugation (DC), serum antioxidant capacity (TRAP) and serum 







Table 1. Basic characteristics of the subjects. Mean (±SD). 
 Runners Ice hockey players 
Age 24.6 ± 4.6 < 20 
Height (cm) 179.1 ± 5.7 184.0 ± 4.9 
Weight (kg) 65.7 ± 6.2 85.7 ± 8.2 
VO2max (mL/kg/min) 73.6 ± 5.7 53.0 ± 3.4 
BMI (kg/m2) 18.8 ± 1.8 25.3 ± 2.1 
From the original publication number I. 
 
 
4.1.2.  Three months’ study of marathon runners including training period, 
preparation period and marathon run 
In this project, we examined keep-fit runners among those who planned to participate in the 
Helsinki City Marathon. Subjects were recruited through an advertisement placed in a national 
runners’ magazine and using a recruitment letter sent to previous Helsinki City Marathon 
participants. If subjects were healthy, were not participating in any other study, and their 
personal best marathon time was less than 3 hours and 45 minutes for women and less than 3 
hours and 30 minutes for men, they were suitable for this study. Potential participants were 
excluded if they had taken antibiotics within the two months before the study, if they had had 
an acute gastrointestinal disorder within the two months prior to the study, if they had any 
gastrointestinal diseases or took any related medication, or if they were pregnant or lactating. 
A total of 144 subjects were enlisted in the study, of whom 141 (16 females, 125 males) were 
randomized. The Ethics Committee of the Hospital District of Helsinki and Uusimaa approved 
the study protocol. The baseline characteristics of the subjects are shown in Table 2.  
For this parallel group intervention study, the subjects were randomised, double-blinded and 
placebo-controlled. Prior to the intervention period, there was a four-week run-in period in 
April, after which the participants were randomly assigned to take either Lactobacillus 
rhamnosus GG (LGG) or a placebo. The subjects received LGG or the placebo for the duration 
of the training period (three months), from beginning of May until the day of Helsinki City 
Marathon (2nd August). Fasting venous blood samples were taken from an antecubital vein at 
four different time points during the project from both of the groups: 96 days before the 
marathon run, six days preparative period before the marathon run, on the marathon day two to 
four hours before the run, and immediately after the run. Subjects were allowed to ingest food 
and fluids freely during the marathon run. The following indicators were analysed from the 
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For this parallel group intervention study, the subjects were randomised, double-blinded and 
placebo-controlled. Prior to the intervention period, there was a four-week run-in period in 
April, after which the participants were randomly assigned to take either Lactobacillus 
rhamnosus GG (LGG) or a placebo. The subjects received LGG or the placebo for the duration 
of the training period (three months), from beginning of May until the day of Helsinki City 
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subjects’ blood samples from each time point: ox-LDL, S-TRAP, S-α-tocopherol, S-γ-
tocopherol, S-retinol, S-β-carotene and S-ubiquinone-10. 
 
Table 2. Basic characteristics of the subjects. Number or mean (range). 
 Placebo LGG 
Age 40 (23–69) 
  
40 (22–58) 
Female 8 8 
Male 63 62 
Weight (kg) 69 (51-88) 
  
71 (49-98) 
Height (cm) 178 (158-190)
  
177 (160-200) 
BMI (kg/m2) 22 (19-26) 
  
22 (18-26) 
Use of nutritional supplements 34 41 
Exercise habits 
Years of marathon training 
Marathons participated in 
Best marathon time (h:min) 
 
7 (0-35) 








From the original publication number II. 
 
4.1.3.  Effect of acute strenuous physical exercise on oxHDL and oxLDLlipids in 
endurance runners 
In this study, we investigated 24 male endurance runners at the top level nationally (12 
marathon and 12 middle-distance runners). The basic characteristics of the participants are 
presented in Table 3.  
The athletes performed a velocity-incremented tread mill run (Telineyhtymä, Kotka, Finland), 
at a slope of one, until exhaustion. The duration of each stage of the test was two minutes; the 
initial 2-minute stage was run at a velocity of 10 km . h-1, and thereafter the velocity was 
increased by 1 km . h-1 for each consecutive stage until exhaustion. The whole duration of the 
treadmill run was 20–22 minutes, of which the last six to eight minutes were performed in 
anaerobic level. Venous blood samples were taken at four different time points during the trial: 
before, immediately after and 15 minutes and 90 minutes after the run. Participants consumed 
a standardised light breakfast three hours before the exercise, on the test day. From the blood 
samples. we analysed concentrations of oxHDLlipids and oxLDLlipids, serum LDL and HDL 
cholesterol, serum antioxidant potential (TRAP), paraoxonase activity and malondialdehyde 
(MDA). The study protocol was approved by a local ethics committee (Hospital District of 
Southwest Finland: 91/1801/2015) and was carried out in accordance to the Declaration of 
Helsinki on the use of human subjects. 
 
Table 3. The basic characteristics of the participants. Mean (±SD) 
 Middle-distance runners Marathon runners 
Age  21.3 (2.3) 27.3 (4.4) 
BMI (kg/m2) 21.2 (1.8) 20.5 (1.5) 
Training (km/year) 4189 (1097) 6333 (854) 
VO2max (mL/kg/min) 72.3 (6.9) 76.6 (4.7) 
Vmax (km/h) 19.0 (1.4) 20.2 (0.8) 
Time to exhaustion (min) 20 (2.8) 22.3 (1.7) 
Season best 800m (min:s) 01:53 (00:03)  
Season best 42.2 km 
(h:min:s) 
 
 2:21:17 (0:04:58) 
From the original publication number III 
 
 
4.1.4.  The acute effect of different intensity of exercises on oxHDLlipids and 
oxLDLlipids 
Twenty-three voluntarily participating male endurance runners at the top level, nationally, (12 
middle-distance and 11 marathon runners) were recruited for this study. The basic 
characteristics of the subjects are presented in Table 3.  
Two different non-exhaustive treadmill runs: a 40-minute intermittent run (two minutes of 
running and two minutes of rest, during which slow walking beside the treadmill was allowed) 
at a velocity corresponding to 100% maximal oxygen uptake (VO2max) and a 40-minute 
continuous run at a velocity corresponding to 80% VO2max, were completed by all athletes. The 
order of the running tests was randomly assigned.  
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subjects’ blood samples from each time point: ox-LDL, S-TRAP, S-α-tocopherol, S-γ-
tocopherol, S-retinol, S-β-carotene and S-ubiquinone-10. 
 
Table 2. Basic characteristics of the subjects. Number or mean (range). 
 Placebo LGG 
Age 40 (23–69) 
  
40 (22–58) 
Female 8 8 
Male 63 62 
Weight (kg) 69 (51-88) 
  
71 (49-98) 
Height (cm) 178 (158-190)
  
177 (160-200) 
BMI (kg/m2) 22 (19-26) 
  
22 (18-26) 
Use of nutritional supplements 34 41 
Exercise habits 
Years of marathon training 
Marathons participated in 
Best marathon time (h:min) 
 
7 (0-35) 








From the original publication number II. 
 
4.1.3.  Effect of acute strenuous physical exercise on oxHDL and oxLDLlipids in 
endurance runners 
In this study, we investigated 24 male endurance runners at the top level nationally (12 
marathon and 12 middle-distance runners). The basic characteristics of the participants are 
presented in Table 3.  
The athletes performed a velocity-incremented tread mill run (Telineyhtymä, Kotka, Finland), 
at a slope of one, until exhaustion. The duration of each stage of the test was two minutes; the 
initial 2-minute stage was run at a velocity of 10 km . h-1, and thereafter the velocity was 
increased by 1 km . h-1 for each consecutive stage until exhaustion. The whole duration of the 
treadmill run was 20–22 minutes, of which the last six to eight minutes were performed in 
anaerobic level. Venous blood samples were taken at four different time points during the trial: 
before, immediately after and 15 minutes and 90 minutes after the run. Participants consumed 
a standardised light breakfast three hours before the exercise, on the test day. From the blood 
samples. we analysed concentrations of oxHDLlipids and oxLDLlipids, serum LDL and HDL 
cholesterol, serum antioxidant potential (TRAP), paraoxonase activity and malondialdehyde 
(MDA). The study protocol was approved by a local ethics committee (Hospital District of 
Southwest Finland: 91/1801/2015) and was carried out in accordance to the Declaration of 
Helsinki on the use of human subjects. 
 
Table 3. The basic characteristics of the participants. Mean (±SD) 
 Middle-distance runners Marathon runners 
Age  21.3 (2.3) 27.3 (4.4) 
BMI (kg/m2) 21.2 (1.8) 20.5 (1.5) 
Training (km/year) 4189 (1097) 6333 (854) 
VO2max (mL/kg/min) 72.3 (6.9) 76.6 (4.7) 
Vmax (km/h) 19.0 (1.4) 20.2 (0.8) 
Time to exhaustion (min) 20 (2.8) 22.3 (1.7) 
Season best 800m (min:s) 01:53 (00:03)  
Season best 42.2 km 
(h:min:s) 
 
 2:21:17 (0:04:58) 
From the original publication number III 
 
 
4.1.4.  The acute effect of different intensity of exercises on oxHDLlipids and 
oxLDLlipids 
Twenty-three voluntarily participating male endurance runners at the top level, nationally, (12 
middle-distance and 11 marathon runners) were recruited for this study. The basic 
characteristics of the subjects are presented in Table 3.  
Two different non-exhaustive treadmill runs: a 40-minute intermittent run (two minutes of 
running and two minutes of rest, during which slow walking beside the treadmill was allowed) 
at a velocity corresponding to 100% maximal oxygen uptake (VO2max) and a 40-minute 
continuous run at a velocity corresponding to 80% VO2max, were completed by all athletes. The 
order of the running tests was randomly assigned.  
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Determination of the maximal oxygen uptake took place two weeks prior to the first 
performance. Venous blood samples were taken at four different time points: before and after 
20 and 40 minutes of exercising and 15 minutes and 90 minutes after exercising had ended. A 
light standardised breakfast was consumed three hours before the exercise. From the blood 
samples, we analysed concentrations of oxHDLlipids and oxLDLlipids, serum LDL and HDL 
cholesterol, serum antioxidant potential (TRAP), paraoxonase activity and malondialdehyde 
(MDA). The study protocol was approved by a local ethical committee (Hospital District of 
Southwest Finland: 91/1801/2015) and was performed in accordance to the Declaration of 
Helsinki on the use of human subjects. 
 
4.2. DETERMINATION OF MAXIMAL OXYGEN UPTAKE 
 
The maximal oxygen uptake was defined during the incremental VO2max test by an automated 
Oxygon Sigma gas analyser (Mijnhard, the Netherlands), which was calibrated before each test 
in line with the manufacturer’s instructions. The calibration was regularly controlled after the 
tests. Breath-by-breath metabolic data were averaged to 30-second intervals. VO2max was 
defined as the highest 60-second oxygen uptake (VO2)during the test. Vmax was the treadmill 
velocity at which the subject first attained VO2max (Billat et al. 1995). This was either the 
velocity of the last 2-minute stage or the previous 2-minute velocity, if VO2 was higher at this 
stage. If the value of VO2 at the two last stages was the same, the mean of these two velocities 
was approved as Vmax (Lindsay et al. 1996). Billat et al. (1994 & 1996) has been confirmed the 
authenticity of this protocol. 
 
4.3. LABORATORY ANALYSIS 
 
4.3.1. Determination of oxidized lipoprotein lipids 
The analysis of lipoprotein oxidized lipids was derived from determining the baseline level of 
conjugated dienes in lipoprotein lipids (Ahotupa et al. 1998). The appearance of conjugated 
dienes has been commonly used as the index of oxidation in in vitro and ex vivo studies on LDL 
oxidation. Serum LDL was isolated by precipitation with buffered heparin (Ahotupa et al. 1998). 
Isolation of the HDL fraction from serum samples was based on phosphotungstic acid 
precipitation (Väisänen et al. 1992). Serum samples (to which 1 mg/mL of EDTA were added) 
and precipitation reagents were allowed to equilibrate to room temperature, before the isolation 
of serum lipoproteins. The isolation procedures were validated for the purpose, and did not have 
an effect on the level of oxidized lipids (Ahotupa et al. 1998). Lipids were extracted from 
isolated lipoprotein samples (100 µL) using chloroform-methanol (2:1), dried under nitrogen, 
then redissolved in cyclohexane (1 mL), and measured spectrophotometrically at 234 nm. 
Absorbance units (difference A234–A300) were transformed to molar units utilising the molar 
extinction coefficient 2.95 x 104 M-1 cm-1. Validation studies for the assay have ruled out 
interference by nonspecific substances, and shown that diene conjugation is a measure of 
oxidative LDL modification found in all LDL lipid classes. In addition to the specific absorption 
spectra at 234 nm, the presence of conjugated dienes has been verified by nuclear magnetic 
resonance studies (Vasankari et al. 2001). The coefficient of variation (CV) for within-assay 
precision for determination of oxidized lipoprotein lipids was 4.4%, and the CV for the 
between-assay precision was 4.5%.  
A model based on Cu++-induced oxidation of HDL and LDL in vitro was used to investigate the 
oxidation resistance of lipoproteins. Lipoproteins were isolated, as mentioned above. 
Lipoprotein concentrations in the incubations corresponded to 0.1 mL of serum/mL of the 
incubation volume. Oxidation of lipoprotein lipids was monitored by the formation of 
conjugated dienes, as described by Esterbauer et al. (1992). 
 
4.3.2. Other analytical methods 
The serum total peroxyl radical trapping antioxidant potential (TRAP) was estimated ex vivo 
by the potency of serum samples to resist ABAP-induced peroxidation (Ahotupa et al. 1996). 
Peroxyl radical trapping potential was assayed briefly as follows: 0.45 mL of 0.1 M sodium 
phosphate buffer, pH 7.4, containing 0.9% NaCl, 0.02 mL of 120 mM linoleic acid, 0.05 mL 
of luminol (0.5 mg/mL), and the serum samples were compound in a cuvette. The assay was 
initiated by 0.05 mL of ABAP (83 mg/mL). Chemiluminescence in triplicate cuvettes at 37° 
was measured until a peak value for each sample was detected. The half-peak time point was 
used to define peroxyl radical trapping capacity. Trolox served as a standard radical scavenger. 
Paraoxonase activity was determined using paraoxon (O,O-diethyl-O-p nitrophenylphosphate) 
as the substrate and measuring the increase in absorbance, due to the formation of 4-
nitrophenol, at 412 nm (Harangi et al. 2004). Measurements of serum LDL cholesterol and 
HDL cholesterol were based on standard enzymatic methods and completed with commercial 
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Determination of the maximal oxygen uptake took place two weeks prior to the first 
performance. Venous blood samples were taken at four different time points: before and after 
20 and 40 minutes of exercising and 15 minutes and 90 minutes after exercising had ended. A 
light standardised breakfast was consumed three hours before the exercise. From the blood 
samples, we analysed concentrations of oxHDLlipids and oxLDLlipids, serum LDL and HDL 
cholesterol, serum antioxidant potential (TRAP), paraoxonase activity and malondialdehyde 
(MDA). The study protocol was approved by a local ethical committee (Hospital District of 
Southwest Finland: 91/1801/2015) and was performed in accordance to the Declaration of 
Helsinki on the use of human subjects. 
 
4.2. DETERMINATION OF MAXIMAL OXYGEN UPTAKE 
 
The maximal oxygen uptake was defined during the incremental VO2max test by an automated 
Oxygon Sigma gas analyser (Mijnhard, the Netherlands), which was calibrated before each test 
in line with the manufacturer’s instructions. The calibration was regularly controlled after the 
tests. Breath-by-breath metabolic data were averaged to 30-second intervals. VO2max was 
defined as the highest 60-second oxygen uptake (VO2)during the test. Vmax was the treadmill 
velocity at which the subject first attained VO2max (Billat et al. 1995). This was either the 
velocity of the last 2-minute stage or the previous 2-minute velocity, if VO2 was higher at this 
stage. If the value of VO2 at the two last stages was the same, the mean of these two velocities 
was approved as Vmax (Lindsay et al. 1996). Billat et al. (1994 & 1996) has been confirmed the 
authenticity of this protocol. 
 
4.3. LABORATORY ANALYSIS 
 
4.3.1. Determination of oxidized lipoprotein lipids 
The analysis of lipoprotein oxidized lipids was derived from determining the baseline level of 
conjugated dienes in lipoprotein lipids (Ahotupa et al. 1998). The appearance of conjugated 
dienes has been commonly used as the index of oxidation in in vitro and ex vivo studies on LDL 
oxidation. Serum LDL was isolated by precipitation with buffered heparin (Ahotupa et al. 1998). 
Isolation of the HDL fraction from serum samples was based on phosphotungstic acid 
precipitation (Väisänen et al. 1992). Serum samples (to which 1 mg/mL of EDTA were added) 
and precipitation reagents were allowed to equilibrate to room temperature, before the isolation 
of serum lipoproteins. The isolation procedures were validated for the purpose, and did not have 
an effect on the level of oxidized lipids (Ahotupa et al. 1998). Lipids were extracted from 
isolated lipoprotein samples (100 µL) using chloroform-methanol (2:1), dried under nitrogen, 
then redissolved in cyclohexane (1 mL), and measured spectrophotometrically at 234 nm. 
Absorbance units (difference A234–A300) were transformed to molar units utilising the molar 
extinction coefficient 2.95 x 104 M-1 cm-1. Validation studies for the assay have ruled out 
interference by nonspecific substances, and shown that diene conjugation is a measure of 
oxidative LDL modification found in all LDL lipid classes. In addition to the specific absorption 
spectra at 234 nm, the presence of conjugated dienes has been verified by nuclear magnetic 
resonance studies (Vasankari et al. 2001). The coefficient of variation (CV) for within-assay 
precision for determination of oxidized lipoprotein lipids was 4.4%, and the CV for the 
between-assay precision was 4.5%.  
A model based on Cu++-induced oxidation of HDL and LDL in vitro was used to investigate the 
oxidation resistance of lipoproteins. Lipoproteins were isolated, as mentioned above. 
Lipoprotein concentrations in the incubations corresponded to 0.1 mL of serum/mL of the 
incubation volume. Oxidation of lipoprotein lipids was monitored by the formation of 
conjugated dienes, as described by Esterbauer et al. (1992). 
 
4.3.2. Other analytical methods 
The serum total peroxyl radical trapping antioxidant potential (TRAP) was estimated ex vivo 
by the potency of serum samples to resist ABAP-induced peroxidation (Ahotupa et al. 1996). 
Peroxyl radical trapping potential was assayed briefly as follows: 0.45 mL of 0.1 M sodium 
phosphate buffer, pH 7.4, containing 0.9% NaCl, 0.02 mL of 120 mM linoleic acid, 0.05 mL 
of luminol (0.5 mg/mL), and the serum samples were compound in a cuvette. The assay was 
initiated by 0.05 mL of ABAP (83 mg/mL). Chemiluminescence in triplicate cuvettes at 37° 
was measured until a peak value for each sample was detected. The half-peak time point was 
used to define peroxyl radical trapping capacity. Trolox served as a standard radical scavenger. 
Paraoxonase activity was determined using paraoxon (O,O-diethyl-O-p nitrophenylphosphate) 
as the substrate and measuring the increase in absorbance, due to the formation of 4-
nitrophenol, at 412 nm (Harangi et al. 2004). Measurements of serum LDL cholesterol and 
HDL cholesterol were based on standard enzymatic methods and completed with commercial 
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analytical kits (Roche Diagnostics, Mannhein, Germany). The concentration of HDL 
cholesterol was measured after phosphotungstic acid precipitation. The malondialdehyde 
concentration was measured as serum total (free and protein-bound) malondialdehyde as the 
2,4-dinitrophenylhydrazine derivative by high-performance liquid chromatography (HPLC) 
with 1,1,3,3-tetraethoxypropane as the standard (Pilz et al. 2000). The HPLC analyses were 
performed with a Shimadzu 10ADVP. A Luna 3 µm reversed-phase column, 150 x 4.6 mm, 
was used, and the detection was based on a UV detector operating at 307 nm. The eluent 
consisted of acetonitrile (55%), H2O (44.8%) and acetic acid (0.2%), and the flow rate was 1.2 
mL/min. Serum α-tocopherol, γ -tocopherol, β-carotene, retinol and ubiquinol-10 
concentrations were analysed using standard HPLC procedures with UV-detection (Milne et al. 
1986; Takada et al. 1985). 
 
4.4.  STATISTICAL ANALYSES 
 
All statistical analyses were performed with SPSS for Windows Statistical Software (version 
15.0 and 18.0). The normality of the distribution was calculated by using the normality tests of 
SPSS software. If the data was not normally distributed, we used ln-transformation at each time 
point (see detailed data from original publications). General linear model analysis of variance 
(ANOVA) with repeated measurements was used in each study for all measured variables to 
analyse changes over time. Only if the time effect was significant, the paired t-test was used as 
a post hog test, applying a Bonferroni correction. In the cases of significant group effect 
differences between the groups, analyses were carried out using independent samples’ t-tests 
between the groups using the corresponding time points of each study. In studies III-IV, if no 
interaction for time x group was detected between the marathon and middle-distance runners, 
the groups were combined and time effect was tested for all runners together. The Pearson 
correlation coefficient was used to define the relationships between variables. An a priori P-
value for statistical significance of 0.05 was used. The concentrations are expressed as means 
± SD. 
 
5.     RESULTS 
5.1. LONGITUDINAL STUDY OF ENDURANCE RUNNERS AND 
ICE HOCKEY PLAYERS (STUDY I) 
 
5.1.1. Endurance runners 
During the season, S-γ-tocopherol was the only variable that changed statistically. It increased 
from training season to competition season by 28% (p < 0.02). A similar increase was found 
from preparation period to competition season (p < 0.05), because S-γ-tocopherol remained 
unchanged from training season to preparation period. Other measured valuables did not change 
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analytical kits (Roche Diagnostics, Mannhein, Germany). The concentration of HDL 
cholesterol was measured after phosphotungstic acid precipitation. The malondialdehyde 
concentration was measured as serum total (free and protein-bound) malondialdehyde as the 
2,4-dinitrophenylhydrazine derivative by high-performance liquid chromatography (HPLC) 
with 1,1,3,3-tetraethoxypropane as the standard (Pilz et al. 2000). The HPLC analyses were 
performed with a Shimadzu 10ADVP. A Luna 3 µm reversed-phase column, 150 x 4.6 mm, 
was used, and the detection was based on a UV detector operating at 307 nm. The eluent 
consisted of acetonitrile (55%), H2O (44.8%) and acetic acid (0.2%), and the flow rate was 1.2 
mL/min. Serum α-tocopherol, γ -tocopherol, β-carotene, retinol and ubiquinol-10 
concentrations were analysed using standard HPLC procedures with UV-detection (Milne et al. 
1986; Takada et al. 1985). 
 
4.4.  STATISTICAL ANALYSES 
 
All statistical analyses were performed with SPSS for Windows Statistical Software (version 
15.0 and 18.0). The normality of the distribution was calculated by using the normality tests of 
SPSS software. If the data was not normally distributed, we used ln-transformation at each time 
point (see detailed data from original publications). General linear model analysis of variance 
(ANOVA) with repeated measurements was used in each study for all measured variables to 
analyse changes over time. Only if the time effect was significant, the paired t-test was used as 
a post hog test, applying a Bonferroni correction. In the cases of significant group effect 
differences between the groups, analyses were carried out using independent samples’ t-tests 
between the groups using the corresponding time points of each study. In studies III-IV, if no 
interaction for time x group was detected between the marathon and middle-distance runners, 
the groups were combined and time effect was tested for all runners together. The Pearson 
correlation coefficient was used to define the relationships between variables. An a priori P-
value for statistical significance of 0.05 was used. The concentrations are expressed as means 
± SD. 
 
5.     RESULTS 
5.1. LONGITUDINAL STUDY OF ENDURANCE RUNNERS AND 
ICE HOCKEY PLAYERS (STUDY I) 
 
5.1.1. Endurance runners 
During the season, S-γ-tocopherol was the only variable that changed statistically. It increased 
from training season to competition season by 28% (p < 0.02). A similar increase was found 
from preparation period to competition season (p < 0.05), because S-γ-tocopherol remained 
unchanged from training season to preparation period. Other measured valuables did not change 

































Table 4. Blood serum values at three different time points during the season for runners and ice 
hockey players (mean ± SD)  
 T1 T2 T3 
DC (µmol/L) 
Runners 
Ice hockey players 
 
43.9 ± 12.8a 
63.9 ± 9.0 
 
 
44.9 ± 13.4a 
67.1 ± 10.8 
 
39.9 ± 8.4a 
61.1 ± 8.1 
TRAP (µmol/L) 
Runners 
Ice hockey players 
 
1001 ± 176   
994 ± 111               
 
961 ± 132a       
1048 ± 128b                       
 
1005 ± 213               
1086 ± 134b 
α-tocopherol (µmol/L) 
Runners 
Ice hockey players    
 
36.0 ± 5.7a               
32.1 ± 7.5                 
 
36.8 ± 9.8                   
33.0 ± 7.7                   
 
35.1 ± 8.6a               
30.0 ± 6.8c               
γ-tocopherol (µmol/L) 
Runners 
Ice hockey players  
 
 
0.49 ± 0.29     
0.64 ± 0.33            
 
0.49 ± 0.29a 
0.70 ± 0.30 
 
0.63 ± 0.39b, c       
0.64 ± 0.21                
Retinol (µmol/L) 
Runners 
Ice hockey players 
 
4.88 ± 1.03  
4.77 ± 0.84                
 
4.44 ± 0.89a 
4.89 ± 0.71 
 
5.17 ± 1.47             
4.66 ± 0.67             
β-carotene (µmol/L) 
Runners 
Ice hockey players 
 
 
28.7 ± 14.1  
22.7 ± 11.5 
 
30.7 ± 15.3a 
22.0 ± 10.4 
 
40.2 ± 21.0a            
27.5 ± 12.8 b, c          
Ubiquinone-10 (µmol/L) 
Runners 
Ice hockey players 
 
 
1.60 ± 0.74  
1.32 ± 0.30                 
 
1.32 ± 0.69 
1.29 ± 0.24                
 
1.32 ± 0.72              
1.18 ± 0.29 b, c          
a Statistical difference (P< 0.05) between runners and ice hockey players.  
b Statistical difference (P< 0.05) from T1. 
c Statistical difference (P< 0.05) from T2. 
T1=low-intensity training period. T2=medium intensity training period. T3=high-intensity 
training period.  
From original publication number I 
  
5.1.2.  Ice hockey players 
In each ice hockey group, there were significant changes from low-intensity training season to 
competition season in S-TRAP (+9%, p < 0.001), S-β-carotene (+21%, p < 0.05) and S-
ubiquinone-10 (-11%, p < 0.001). When comparing preparation season (low and high-intensity 
training) to competition season S-α-tocopherol decreased by 9% (p < 0.05), S-β-carotene 
increased by 25% (p < 0.02) and S-ubiquinone-10 decreased by 9% (p < 0.05). All results are 
show in Table 4.  
5.1.3.  Runners vs. ice hockey players 
Considering serum diene conjugation levels (S-DC), both groups behaved similarly during the 
season, but at each time point from the training season to the competition season the serum 
concentration of DC was 45–53% higher in the ice hockey players (Table 4).  
 
 
5.2.  THREE MONTHS’ STUDY OF MARATHON RUNNERS 
INCLUDING TRAINING PERIOD, PREPARATION PERIOD AND 
MARATHON RUN (STUDY II) 
 
5.2.1. Aerobic training and oxidized LDL lipids levels 
In this study, we examined the effects of longitudinal aerobic training and LGG treatment on 
antioxidant functions and oxidized LDL lipids. The LGG treatment had no effect on ox-LDL 
levels, concentrations of serum TRAP or vitamins, compared with the placebo group during the 
whole study. More interestingly, during the 6-day preparative period, the concentrations of ox-
LDL increased by 28% in the placebo group and by 33% in the LGG group (both p < 0.001). 
During the marathon run, ox-LDL levels decreased by 16% and 19% in the placebo group and 
the LGG group, respectively (both p < 0.001). The marathon run also affected serum 
concentration of TRAP; there was a 16% increase in both the placebo and the LGG group (p < 
0.0001 both). Another interesting result was the decrease of β-carotene levels during the 6-day 
preparative period. In the placebo group, the decrease was 42%, and in the LGG group, 43% 
(both p < 0.001). All results are shown in Figures 2 and 3 and in Table 5. 
 
30 Results




Table 4. Blood serum values at three different time points during the season for runners and ice 
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5.1.2.  Ice hockey players 
In each ice hockey group, there were significant changes from low-intensity training season to 
competition season in S-TRAP (+9%, p < 0.001), S-β-carotene (+21%, p < 0.05) and S-
ubiquinone-10 (-11%, p < 0.001). When comparing preparation season (low and high-intensity 
training) to competition season S-α-tocopherol decreased by 9% (p < 0.05), S-β-carotene 
increased by 25% (p < 0.02) and S-ubiquinone-10 decreased by 9% (p < 0.05). All results are 
show in Table 4.  
5.1.3.  Runners vs. ice hockey players 
Considering serum diene conjugation levels (S-DC), both groups behaved similarly during the 
season, but at each time point from the training season to the competition season the serum 
concentration of DC was 45–53% higher in the ice hockey players (Table 4).  
 
 
5.2.  THREE MONTHS’ STUDY OF MARATHON RUNNERS 
INCLUDING TRAINING PERIOD, PREPARATION PERIOD AND 
MARATHON RUN (STUDY II) 
 
5.2.1. Aerobic training and oxidized LDL lipids levels 
In this study, we examined the effects of longitudinal aerobic training and LGG treatment on 
antioxidant functions and oxidized LDL lipids. The LGG treatment had no effect on ox-LDL 
levels, concentrations of serum TRAP or vitamins, compared with the placebo group during the 
whole study. More interestingly, during the 6-day preparative period, the concentrations of ox-
LDL increased by 28% in the placebo group and by 33% in the LGG group (both p < 0.001). 
During the marathon run, ox-LDL levels decreased by 16% and 19% in the placebo group and 
the LGG group, respectively (both p < 0.001). The marathon run also affected serum 
concentration of TRAP; there was a 16% increase in both the placebo and the LGG group (p < 
0.0001 both). Another interesting result was the decrease of β-carotene levels during the 6-day 
preparative period. In the placebo group, the decrease was 42%, and in the LGG group, 43% 
(both p < 0.001). All results are shown in Figures 2 and 3 and in Table 5. 
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Figure 2. Concentration of serum oxidized LDL in probiotic and placebo groups (mean ± SD). 
 
* Statistical difference within placebo/probiotic group from T2 (p < 0.001) 
** Statistical difference within placebo/probiotic group from T3 (p < 0.001) 




Figure 3. Concentration of serum TRAP in probiotic and placebo groups (mean ± SD). 
 
* Statistical difference within placebo/probiotic group from T3 (p < 0.0001) 




Table 5. Laboratory values before 90-day training period (T1) and after 90-day training period 
(T2), before marathon run (T3) and after marathon run (T4) in the placebo and probiotic 
(Lactobacillus rhamnosus GG) groups (mean ± SD). 
 T1 T2 T3 T4 
Serum γ-tocopherol (µmol/L) 
Placebo 
Probiotic    
 
 
0.48 ± 0.35 
0.45 ± 0.30 
 
0.30 ± 0.28a 
0.28 ± 0.23a 
 
0.38 ± 0.31 
0.36 ± 0.36 
 
0.47 ± 0.30b 
0.36 ± 0.27 
Serum α-tocopherol (µmol/L) 
Placebo 
Probiotic    
 
 
23.6 ± 6.2 
22.2 ± 5.9 
 
24.9 ± 6.6 
23.8 ± 6.4 
 
21.5 ± 4.1b 
20.6 ± 4.7b 
 
22.2 ± 4.8b 
20.9 ± 4.6b 
Serum β-carotene (µmol/L) 
Placebo 
Probiotic    
 
 
34.9 ± 23.7 
30.6 ± 20.3 
 
38.7 ± 28.9 
35.6 ± 23.0 
 




16.7 ± 12.1b 








1.85 ± 0.73 
1.97 ± 0.83 
 
 
2.13 ± 0.77 
2.33 ± 0.85a 
 
 
1.75 ± 0.55b 
1.73 ± 0.55b 
 
 
2.26 ± 0.70a, c 
2.14 ± 0.66 c            
Serum retinol (µmol/L) 
Placebo 
Probiotic    
 
 
5.34 ± 1.35 
5.34 ± 1.41 
 
5.32 ± 1.34 
5.60 ± 1.57 
 
5.30 ± 1.28 
5.55 ± 1.28 
 
5.68 ± 1.46 
5.71 ± 1.47                     
a Statistical difference within placebo/probiotic group from T1 (P < 0.05) 
b Statistical difference within placebo/probiotic group from T2 (P < 0.05) 
c Statistical difference within placebo/probiotic group from T3 (P < 0.05) 
From original publication number III. 
 
 
5.3. EFFECT OF ACUTE STRENUOUS PHYSICAL EXERCISE 
ON oxHDL AND oxLDLlipids IN ENDURANCE RUNNERS (STUDY III) 
 
5.3.1. Treadmill run accelerates transport of lipid peroxides by HDL  
Marathon runners and middle-distance runners behaved similarly during this study, and there 
were no significant time x group interactions in any measured variables. However, regarding 
time many interesting results were found, especially relating to how the concentrations of 
oxidized lipoprotein lipids behaved. Immediately after the treadmill run, oxHDLlipids levels 
increased by 24% (p < 0.01) and remained elevated during 15-minute recovery follow-up 
(Figure 4). Contrarily, during the treadmill run, the concentration of oxLDLlipids decreased by 
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19% (p < 0.001) and remained decreased during the follow-up period (Figure 5). Most 
interestingly, the ratio of oxHDLlipids to oxLDLlipids elevated by 55% immediately after the 
treadmill run and 71% after the 15minute recovery period, compared to pre-exercise levels 
(both p < 0.001) (Table 6). 
 
 
Figure 4. Serum concentration of oxidized HDL lipids before, immediately, 15 minutes and 90 
minutes after the treadmill run. The results are mean ± SD. 
 
The asterisks (*) indicate a significant difference (p < 0.01) compared to pre-exercise levels 
when data groups are combined. Between group effect, the P-value is 0.055. 





Figure 5. Serum concentration of oxidized LDL lipids before, immediately, 15 minutes and 90 
minutes after the treadmill run. The results are mean ± SD. 
 
The asterisks (*) indicate a significant difference (p < 0.001) compared to pre-exercise levels 
when data groups are combined. Between group effect, P-value is 0.004. 





Table 6. Laboratory values from middle-distance runners and marathon runners separately and 
combined for each time point (mean ± SD) 
 Before  Immediately 
after  








































































































































































Significantly different from before run: * p < 0.001; ** 0.001 < p < 0.01;  
*** 0.01 < p < 0.05 
Significantly different from immediately after run: b 0.001 < p < 0.01; bb 0.01 < p < 0.05 
Significantly different from 15 minutes after run: a p < 0.001; aa 0.01 < p < 0 < 0.05 
For some further information, see original publication number III. 
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Significantly different from before run: * p < 0.001; ** 0.001 < p < 0.01;  
*** 0.01 < p < 0.05 
Significantly different from immediately after run: b 0.001 < p < 0.01; bb 0.01 < p < 0.05 
Significantly different from 15 minutes after run: a p < 0.001; aa 0.01 < p < 0 < 0.05 
For some further information, see original publication number III. 
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5.3.2. Antioxidant vs oxidant status 
The serum concentration of MDA by 54% (p < 0.001) during the treadmill run, while no affect 
was observed in paraoxonase activity. After the 15-minute follow-up period, the paraoxonase 
activity increased slightly, by 12%, compared to pre-exercise levels, but decreased back to pre-
exercise levels after the 90minute recovery period. Also, the serum concentration of MDA 
decreased back to pre-exercise levels without further increase during the 15-minute recovery. 
Antioxidant parameter serum TRAP concentration elevated immediately after the treadmill run 
by 29% (p < 0.01) and kept the elevated levels during the 90-minute follow-up period (p < 0.01). 
All results of measured variables are shown in Table 6.  
 
5.3.3. Correlations 
The change in oxLDLlipids (from pre-exercise value to immediately after value) correlated 
positively with VO2max (r = 0.67, p < 0.001) and negatively with the change in paraoxonase 
activity (r = -0.47, p < 0.05). At baseline, the concentration of serum TRAP correlated positively 
with BMI (r = 0.56, p < 0.05). Furthermore, before exercise serum levels of oxLDLlipids 




5.4. THE ACUTE EFFECT OF DIFFERENT INTENSITIES OF 
EXERCISES ON oxHDL AND OXLDLlipids (STUDY IV) 
 
5.4.1. Time x group interaction 
The concentration of oxLDLlipids decreased by 17% in the middle-distance runners and by 4% 
in the marathon runners, from pre-exercise to 90 minutes after exercise levels (difference of 
change, P <0.01) during the continuous run. Among the middle-distance runners, the ratio of 
oxLDLlipids to LDL cholesterol decreased by 9%, while among the marathon runners, it 
increased by 4% after 40 minutes of exercising compared to before exercise levels (P <0.05). 
There was a 15% increase in the serum concentration of TRAP from pre-exercise levels to after 
20 minutes of exercising among the middle-distance runners, while it increased 3% among 
marathon runners (P <0.01) (Figure 7-8). 
During the intermittent run, the concentration of oxHDLlipids increased by 12% among the 
marathon runners and by 25% among the middle-distance runners from pre-exercise levels to 






Figure 6. Serum concentration of oxidized LDL. The results are mean ± SD. 
 
The asterisk (*) indicates a significant difference (P <0.01) between groups from pre-exercise 
levels. The asterisk ▲ indicates significant difference (P < 0.05) compared to levels after 40 
minutes of exercising when groups are combined. 
Modified from original publication number IV. 
 
 
Figure 7. Serum concentration of the ratio of oxidized LDL lipids to LDL cholesterol. The 
results are mean ± SD. 
 
The asterisk (*) indicates a significant difference (P <0.05) between groups from pre-exercise 
levels. 










5.3.2. Antioxidant vs oxidant status 
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All results of measured variables are shown in Table 6.  
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Figure 6. Serum concentration of oxidized LDL. The results are mean ± SD. 
 
The asterisk (*) indicates a significant difference (P <0.01) between groups from pre-exercise 
levels. The asterisk ▲ indicates significant difference (P < 0.05) compared to levels after 40 
minutes of exercising when groups are combined. 
Modified from original publication number IV. 
 
 
Figure 7. Serum concentration of the ratio of oxidized LDL lipids to LDL cholesterol. The 
results are mean ± SD. 
 
The asterisk (*) indicates a significant difference (P <0.05) between groups from pre-exercise 
levels. 











Figure 8. Serum concentration of TRAP.The results are mean ± SD. 
 
The asterisk (*) indicates a significant difference (P <0.01) between groups from pre-exercise 
levels. The asterisk ▲ indicate significant difference (P <0.001) compared to pre-exercise 
levels, and the asterisk ▲▲ indicates significant difference (P <0.05) compared to levels after 
40 minutes of exercising when groups are combined. 
Modified from original publication number IV. 
 
 
Figure 9. Serum concentration of oxidized HDL lipids. The results are mean ± SD. 
 
The asterisk (*) indicates significant difference of change (P <0.05) between groups from 
before exercise levels. The asterisks ▲ indicate a significant difference (P < 0.001) compared 
to pre-exercise levels when groups are combined.  




5.4.2.  Time effect (marathon and middle-distance runner groups combined) 
During the continuous run, a 25% increase was observed in the levels of oxHDLlipids, and 
these levels remained elevated during the 90-minute recovery (p < 0.001) (Figure 6). From pre-
exercise levels to 15 minutes after the end of the exercise, a slight increase of 6% took place in 
HDL cholesterol levels (p < 0.05), the ratio of oxHDLlipids to HDL cholesterol rose by 20% 
(p < 0.001), and the ratio of oxLDLlipids to oxHDLlipids decreased by 25% (p < 0.001) during 
the intermittent run. At the same time as the continuous run, HDL cholesterol levels increased 
by 8% (p < 0.001) and during the 90-minute recovery follow-up, the concentration decreased 
back to pre-exercise levels (P <0.01), the ratio of oxHDLlipids to HDL cholesterol increased 
by 17% (p < 0.001), and the ratio of oxLDLlipids to oxHDLlipids decreased by 20% (p < 0.001) 
(Table 7). The concentration of oxLDLlipids did not change during the intermittent run, but 
during the 90-minute recovery period, there was slight (p < 0.05) decrease of 4%, compared to 
after the 40-minute trial levels (Figure 3). All other measured variables are also shown in Table 
7.  
 






After 40 min 
of exercising 
15 min after 
the end of 
exercising 
90 min after the 
end of exercising 
 







































 122 (57)b 





































18.9 (4.3)*, aa 






















1.01 (0.2)*, aa 
1.02 (0.3)*, aa 
Significantly different from before run: * p < 0.001; ** 0.001 < p < 0.01;  
*** 0.01 < p < 0.05 
Significantly different from halfway run: a p < 0.001; aa 0.001 < p < 0 < 0.05 
Significantly different from immediately after run: b 0.001 < p < 0.01; bb 0.01 < p 0.05 










Figure 8. Serum concentration of TRAP.The results are mean ± SD. 
 
The asterisk (*) indicates a significant difference (P <0.01) between groups from pre-exercise 
levels. The asterisk ▲ indicate significant difference (P <0.001) compared to pre-exercise 
levels, and the asterisk ▲▲ indicates significant difference (P <0.05) compared to levels after 
40 minutes of exercising when groups are combined. 
Modified from original publication number IV. 
 
 
Figure 9. Serum concentration of oxidized HDL lipids. The results are mean ± SD. 
 
The asterisk (*) indicates significant difference of change (P <0.05) between groups from 
before exercise levels. The asterisks ▲ indicate a significant difference (P < 0.001) compared 
to pre-exercise levels when groups are combined.  
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Significantly different from before run: * p < 0.001; ** 0.001 < p < 0.01;  
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The change in MDA (from the pre-exercise value to the value after 20 minutes of exercising) 
correlated negatively with the change in TRAP (r = -0.447, P < 0.05) and positively with 
VO2max (r = 0.462, P < 0.05) in the intermittent run. On the other hand, during the continuous 
run, the change in MDA (from the value in the middle of the run to the value after 40 minutes 
of exercising) correlated positively with the change in paraoxonase (r = 0.537 P < 0.02), and 
the change in TRAP (from the pre-exercise value to the value after 20 minutes of exercising) 
correlated negatively with the training volume (r = -0.448, P < 0.05). Furthermore, the change 
in TRAP (from the pre-exercise value to the value after 20 minutes of exercising) correlated 
negatively with VO2max (r = -0.494, P < 0.02). 
 
 
6.  DISCUSSION 
This thesis gives further evidence that aerobic exercise training protects LDL from oxidation 
and potentially lowers the risk of atherosclerosis. Higher levels of serum DC was found in 
athletes who preferred anaerobic training in their sports. On the other hand, even a 6-day period 
without this protective aerobic training remarkably increased oxLDLlipis levels. The two latter 
studies shed more light on the role of HDL in preventing atherosclerosis. HDL particles seem 
to have the capacity to remove oxidation products from the periphery to the liver. Even more 
interestingly, this clearing reverse transport mechanism of HDL was induced and increased by 
different types of acute exercises, giving more proof of the beneficial health influence of 
exercise.  
 
6.1. LONGITUDINAL STUDY OF ENDURANCE RUNNERS AND 
ICE HOCKEY PLAYERS (STUDY I) 
Oxidative stress induced by reactive oxygen species (ROS) occurs during intense physical 
activity, perhaps as a result of increased consumption of oxygen. Previous studies have shown 
that both exhaustive sprint training and long-duration strenuous exercising may overcome an 
individual’s natural defence system, leading to oxidative stress (Finaud et al. 2006b; Marzatico 
et al. 1997; Mishchenko et al. 1985; Vasankari et al. 1997). Even so, longitudinal effects of 
various types of training have not been fully investigated. The aim of Study I was to show how 
different types of physical exercise among ice hockey players and endurance runners effect 
lipid peroxidation and antioxidant status.  
Study I demonstrated that athletes who perform more continuous and low-intensity types of 
training have lower levels of lipid peroxidation measured by diene conjugation than athletes 
who perform high-intensity types of training. Long-distance runners had 46-54% higher levels 
throughout the whole study, compared to ice hockey players, while no differences were found 
in antioxidant capacity.  
During any type of exercise, increased oxygen utilization and oxidative stress increases leading 
to production of ROS. The body’s natural antioxidant system should detoxify reactive oxygen 
species, but if this protection system is overwhelmed, exercise may lead to lipid peroxidation, 
and damage to DNA and cells (González-Flecha et al. 1993; Reid 1996). In this study, we 
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examined the levels of lipid peroxidation during the season by using diene conjugation 
measurements; our previous study showed that serum diene conjugation (S-DC) is a good 
indicator of exercise-induced oxidative stress level (Vasankari et al. 1995).  
Limitations of this study should be taken into account when drawing conclusions. First, all the 
subjects were top-level athletes, nationally, and it is uncertain if less trained individuals would 
produce similar findings. Second, the number of subjects is low. Third, serum diene conjugation 
measures lipid peroxidation levels in serum. Since we know both LDL and HDL carry lipid 
soluble materials, it would have been interesting to investigate oxidized lipid levels in 
lipoproteins and also other parameters of lipid peroxidation than diene conjugation.  
High-intensity exercise induces ROS production, releasing free radicals in vivo, and in this 
study, the S-DC values of ice hockey players were twice as high as runners during the season. 
One explanation for why intense training causes oxidative stress is that exercise is associated 
with transient tissue hypoxia in several organs because active skeletal muscles and skin 
demands more blood supply. In addition, training represented at intensities above VO2max may 
lead to relative hypoxia of muscle fibres because of the imbalance between energy requirements 
and oxygen supply (Koyama et al. 1999). Also, an individual’s training history alters the 
responses of lipid peroxidation to exercise (Alessio & Goldfarb 1988; Kretzscmar et al. 1991). 
It is known that runners perform continuous and low-intensity types of exercise, while ice 
hockey players prefer fast intermittent exercise. The study showed that long-distance runners 
had lower lipid peroxidation levels, and VO2max correlated negatively with S-DC. These facts 
suggest that better aerobic capacity and chronic low-intensity exercise decreases the lipid 
peroxidation caused by oxidative stress. If lipid peroxidation occurs in lipoprotein lipids, it 
increases the risk of atherosclerosis by causing foam cell formation in vessel walls. Kujala et 
al. (1996) showed low LDL oxidation in veteran endurance athletes, and the results of a 2-day 





6.2. THREE MONTHS’ STUDY OF MARATHON RUNNERS 
INCLUDING TRAINING PERIOD, PREPARATION PERIOD AND 
MARATHON RUN (STUDY II) 
Oxidized LDL accumulates into vessel walls, leading to atherosclerosis. One way to prevent 
this episode is through physical exercise. An explanation for this could be the ability of HDL 
to protect LDL from oxidation (Kontush et al. 2003). Brites has shown that chronic aerobic 
exercise increased the HDL-associated antioxidant enzymes that improves the antioxidant 
functions of HDL for LDL (Brites et al. 2006). Furthermore, we know that both aerobic and 
anaerobic exercises increase the levels of circulating HDL, and the studies included in this 
thesis have indicated that not only the serum HDL levels are improved, but the reverse transport 
mechanism of oxidized lipid products by HDL also increases during physical exercise.  
In Study II we wanted to investigate how chronic aerobic physical exercise affects oxLDLlipids 
levels and whether probiotics (LGG) have an influence on this process. Probiotics are defined 
to be living bacteria or yeasts that are good for human health. Although in this study we did not 
find any effect of LGG treatment on measured variables, LGG has been found to be 
antioxidative in vitro (Ahotupa et al. 1996b).  
During the 3-month training period, the levels of oxLDLlipids did not change, but during the 
short 6-day preparative period, there was a significant increase in oxLDLlipids levels. 
Furthermore, after the 6-day preparative period, during the following marathon run the 
oxLDLlevels decreased back to training period levels. Comparing this to our previous study 
(Linna et al. 2007), we can say that oxLDLlipids levels were low during the training period, 
and therefore these results give us evidence that chronic low-intensity aerobic physical exercise 
protects LDL from oxidation. The above-mentioned mechanisms can partly explain how an 
adequate amount of aerobic training protects LDL from oxidation, or at least does not increase 
it. Earlier studies done with veteran endurance athletes and adolescent female gymnasts are in 
line with our results (Kujala et al. 1996; Vasankari et al. 2000). 
Another key result was that during the 6-day preparative period, the oxLDLlipids levels 
increased significantly, by 33% in the probiotic group and 22% in the placebo group. During 
this period, the amount of aerobic training was reduced by half and caloric intake (mostly 
carbohydrates) was increased. As mentioned before, one explanation for the increase of 
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examined the levels of lipid peroxidation during the season by using diene conjugation 
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Furthermore, after the 6-day preparative period, during the following marathon run the 
oxLDLlevels decreased back to training period levels. Comparing this to our previous study 
(Linna et al. 2007), we can say that oxLDLlipids levels were low during the training period, 
and therefore these results give us evidence that chronic low-intensity aerobic physical exercise 
protects LDL from oxidation. The above-mentioned mechanisms can partly explain how an 
adequate amount of aerobic training protects LDL from oxidation, or at least does not increase 
it. Earlier studies done with veteran endurance athletes and adolescent female gymnasts are in 
line with our results (Kujala et al. 1996; Vasankari et al. 2000). 
Another key result was that during the 6-day preparative period, the oxLDLlipids levels 
increased significantly, by 33% in the probiotic group and 22% in the placebo group. During 
this period, the amount of aerobic training was reduced by half and caloric intake (mostly 
carbohydrates) was increased. As mentioned before, one explanation for the increase of 
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oxLDLlipids could be the reduced amount of protective aerobic exercise during this short 
period. However, the increased caloric intake also plays an important role in this remarkable 
increase.  
The balance between energy consumption and caloric intake shifts into a state of over-nutrition 
when marathon runners start preparing for a marathon, an important occurrence that ensures 
the load of muscles with carbohydrates. There is evidence that a 7-day over-nutrition period 
brought on mostly with carbohydrates is associated with an acute increase of oxidative stress 
markers (Boden et al. 2015). This is in line with the study that indicated that there is a 
postprandial increase of serum oxLDLlipids for 6 hours after a hamburger meal with a high 
content of carbohydrates and fat (Ahotupa et al. 2010). Furthermore, a clinical study carried out 
by Stanhope and Havel (2008) showed that the metabolic effects of fructose promote 
atherogenic lipid profile development, but this type of effect was not found with glucose. On 
the other hand, earlier studies show that restricting caloric intake lowers oxLDLlevels (Linna 
et al. 2007). 
Considering these facts, it is evident that the increase of oxLDLlipids during a 6-day preparative 
period is caused by the combination of the lack of an adequate amount of low-intensity aerobic 
training combined with carbohydrate-rich food. The exact mechanism behind the oxidation of 
LDL lipids remains unsolved. However, as our recent studies have shown, one explanation 
could be the impaired reverse transport activity of oxidative products by HDL due to a reduced 
amount of aerobic exercise. 
Some limitations are important to disclose, when reviewing the results of this study. First, the 
subjects were advised to follow their traditional dietary habits during the trial, but no food diary 
requirements were given. We point out that carbohydrate-rich food is at least a partial 
explanation for the quick increase in the response of oxLDLlipids during the preparative period; 
therefore, it would be interesting to know the exact dietary habits of the subjects. Second, 
nutritional supplements were allowed during the trial, but we only informed the participants 
about this before the trial and encourage them to continue usage.  
Both aerobic and anaerobic training promote pro-oxidant states that lead to oxidative stress. 
This process triggers the antioxidant system. An enhanced antioxidant system, when not 
overwhelmed, leads to beneficial health effects on our bodies. In this study, we also measured 
serum antioxidant capacity by using the TRAP method. During the training period and 
preparative period, the levels of serum TRAP did not change, but in comparing the before and 
after marathon run levels, we found raised levels in both groups. In the probiotic group, levels 
increased by 16% and in the placebo group by 14%. This strengthens the validity of our 
previous findings (Vasankari et al. 1997). Furthermore, we analysed several vitamin levels 
during the study, but the increase we observed could not be explained by the simultaneous 
increase of investigated vitamins, as only the level of ubiquinone-10 increased. Svensson et al. 
(2002) demonstrate that acute exercise increases some water-soluble antioxidants, such as uric 
acid. Because of the presence of uric acid and numerous other antioxidants in serum, we suggest 
that the increase of serum TRAP is at least a partial cause of the increase of any other 
antioxidants.  
 
6.3. EFFECT OF ACUTE STRENUOUS PHYSICAL EXERCISE 
ON oxHDL AND oxLDLlipids IN ENDURANCE RUNNERS (STUDY III) 
Regular exercise training enhances the serum lipid profile by reducing the serum oxLDLlipids 
levels and increasing serum HDL levels (Powell et al. 1987; Durstine and Haskell 1994; Swift 
et al. 2013; Vasankari et al. 1998). There are several mechanisms and hypotheses for how 
exercise training may alter the above-mentioned risk factors of atherosclerosis. One explanation 
could be that HDL is able to protect LDL lipid products from oxidation (Kontush et al. 2003). 
Several studies have shown many other anti-atherogenic functions of HDL, for example, the 
reverse transport mechanism, and anti-inflammatory, anti-oxidative and anti-thrombotic 
properties (Kontush 2009; Navab 2011; Wan Ahmad 2015).  
In this research, we studied the lipid peroxide transport function of serum lipoproteins during 
physiological oxidative stress stimulated by an acute exhaustive run. Acute physical exercise 
substantially raised the concentration of oxHDLlipids and the opposite effect was found in the 
concentration of oxLDLlipids. This exercise-induced lipoprotein distribution is not comparable 
to the exogenous lipid peroxides that enters the body via food ingestion. Ahotupa (2010) 
showed, in his hamburger meal study, a rapid increase in the concentration of serum 
oxLDLlipids, and only a late moderate increase of oxHDLlipids postprandial. Furthermore, 
Shao and Heinecke (2009) concluded that it is unlikely that either LDL or HDL would be 
oxidized in plasma. Our findings strengthen the validity of this assumption because, during the 
exercise test, the concentration oxHDLlipids increased and oxLDLlipids levels remained 
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nutritional supplements were allowed during the trial, but we only informed the participants 
about this before the trial and encourage them to continue usage.  
Both aerobic and anaerobic training promote pro-oxidant states that lead to oxidative stress. 
This process triggers the antioxidant system. An enhanced antioxidant system, when not 
overwhelmed, leads to beneficial health effects on our bodies. In this study, we also measured 
serum antioxidant capacity by using the TRAP method. During the training period and 
preparative period, the levels of serum TRAP did not change, but in comparing the before and 
after marathon run levels, we found raised levels in both groups. In the probiotic group, levels 
increased by 16% and in the placebo group by 14%. This strengthens the validity of our 
previous findings (Vasankari et al. 1997). Furthermore, we analysed several vitamin levels 
during the study, but the increase we observed could not be explained by the simultaneous 
increase of investigated vitamins, as only the level of ubiquinone-10 increased. Svensson et al. 
(2002) demonstrate that acute exercise increases some water-soluble antioxidants, such as uric 
acid. Because of the presence of uric acid and numerous other antioxidants in serum, we suggest 
that the increase of serum TRAP is at least a partial cause of the increase of any other 
antioxidants.  
 
6.3. EFFECT OF ACUTE STRENUOUS PHYSICAL EXERCISE 
ON oxHDL AND oxLDLlipids IN ENDURANCE RUNNERS (STUDY III) 
Regular exercise training enhances the serum lipid profile by reducing the serum oxLDLlipids 
levels and increasing serum HDL levels (Powell et al. 1987; Durstine and Haskell 1994; Swift 
et al. 2013; Vasankari et al. 1998). There are several mechanisms and hypotheses for how 
exercise training may alter the above-mentioned risk factors of atherosclerosis. One explanation 
could be that HDL is able to protect LDL lipid products from oxidation (Kontush et al. 2003). 
Several studies have shown many other anti-atherogenic functions of HDL, for example, the 
reverse transport mechanism, and anti-inflammatory, anti-oxidative and anti-thrombotic 
properties (Kontush 2009; Navab 2011; Wan Ahmad 2015).  
In this research, we studied the lipid peroxide transport function of serum lipoproteins during 
physiological oxidative stress stimulated by an acute exhaustive run. Acute physical exercise 
substantially raised the concentration of oxHDLlipids and the opposite effect was found in the 
concentration of oxLDLlipids. This exercise-induced lipoprotein distribution is not comparable 
to the exogenous lipid peroxides that enters the body via food ingestion. Ahotupa (2010) 
showed, in his hamburger meal study, a rapid increase in the concentration of serum 
oxLDLlipids, and only a late moderate increase of oxHDLlipids postprandial. Furthermore, 
Shao and Heinecke (2009) concluded that it is unlikely that either LDL or HDL would be 
oxidized in plasma. Our findings strengthen the validity of this assumption because, during the 
exercise test, the concentration oxHDLlipids increased and oxLDLlipids levels remained 
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unchanged. The explanation that oxidation products would be transferred directly from LDL to 
HDL in serum is unlikely because this process seems to too slow to have effect on the 
distribution in lipoproteins (Bowry et al. 1992).  
The most glaring finding was that exhaustive exercise significantly influenced the 
oxHDLlipids/oxLDLlipids ratio (Table 6). This suggests a clear shift in the direction of the 
transportation of lipid oxidation products in the blood stream, endorsing the idea of the lipid 
peroxide clearing and protective transport functions by HDL (Shao & Heinecke 2009, Ahotupa 
et al. 2010).  
During sports training, endurance runners are exposed to various kind of stress, which leads to 
adaption mechanisms at different levels: from adaptation on the subcellular, cellular and tissue 
levels, to adaption of organs and the athlete as a whole organism (Mahoney & Tarnopolsky 
2005, Coffey & Hawkey 2007). Acute exhaustive physical exercise is known to raise the pro-
oxidant cellular levels, which can lead to inflammation and cell damage induced by oxidative 
stress (Sies 1997, Bloomer 2008). However, this increased state of pro-oxidant is also necessary 
to trigger favourable effects of exercise that lead to a better antioxidant status and protection 
against oxidative stress. In this study, acute intense exercise promoted the increase of serum 
malonadialdehyde concentration. One explanation behind this finding could be that the 
production of reactive oxygen/reactive nitrogen species serve as a stimulus to upregulate the 
endogenous antioxidant mechanisms (Radak et al. 2008). It is noticeable that our subjects were 
well-trained, were adjusted to regular training, and had a long training history. Athletes with 
this background have the potential of having a well-functioning antioxidant mechanism, and 
their LDL lipids products protected from oxidation (Brites et al. 2006).  
As we pointed out earlier, both marathon and middle-distance runners had comparable 
responses immediately after the exhaustive treadmill run, despite the fact that the training forms 
and duration of these runner groups differed. Furthermore, if the pre-exercise levels of serum 
oxHDL and oxLDLlipids and TRAP are compared between the groups, we find that middle-
distance runners have somewhat higher pre-exercise levels in all variables (Figure 3, 4; Table 
6). The higher level of TRAP (as a measure of antioxidant capacity) in middle-distance runners 
may suggest better antioxidant protection against oxidative stress. The reason for this could be 
the fact that the training form of middle-distance runners exposes their bodies to more oxidative 
stress, which upregulates better antioxidant states.  
 
In this study, there are three limitations that should be considered. First, this study only involves 
participants who were top-level athletes, nationally, and we do not know whether the results 
are similar in the general public. Second, as in Study IV, the participants in this study are all 
male; it would be interesting to know if females would have similar responses to this running 
test. Third, there was no longer follow-up period after the trial, so data on potential chronic 
effects on the investigated variables are lacking.  
Overall, in this study we indicated that immediately after acute physical exercise, in the form 
of a treadmill run, the serum concentrations of oxHDLlipids increased and that of oxLDLlipids 
decreased. Even more interestingly, the ratio of oxHDLlipids to oxLDLlipids increased 
dramatically. These results may give evidence that physiological oxidative stress triggered by 
exhaustive physical exercise stimulates the transport of lipid oxidation products by HDL. These 
findings deepen the view of the of HDL in the clearance of noxious lipid peroxides, and the 
adaptive capacity of protective HDL functions. Furthermore, the group differences between the 
runners in pre-exercise levels show us how different training histories can affect endogenous 
antioxidant and lipid transportation mechanisms in the long-term, though the acute responses 
to exercise are similar.  
 
6.4. THE ACUTE EFFECT OF DIFFERENT INTENSITIES OF 
EXERCISES ON oxHDL AND OXLDLlipids (STUDY IV) 
Several studies have shown the well-recognised association between high levels of aerobic 
training and the beneficial effects on oxidative stress and the plasma lipid profile, preventing 
atherogenesis in both animal and human profiles (Pellegrin et al. 2009, Ramachandran et al. 
2005, Swift et al. 2013). Despite the broad studies done in this field, the mechanisms behind 
these beneficial effects are not yet fully understood. The association between exercise and 
cholesterol transport functions of HDL and LDL has been shown in many studies (Powell et al. 
1987, Durstine & Haskell 1994, Vasankari et al. 1998, Vasankari et al. 2001). However, there 
are only a few studies that address the effect of exercise intensity and training history in this 
study field. Study IV points out that two different intensities of running exercises (continuous 
and intermittent runs) substantially increased the levels of oxHDLlipids. Moreover, we found 
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oxHDL and oxLDLlipids and TRAP are compared between the groups, we find that middle-
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6). The higher level of TRAP (as a measure of antioxidant capacity) in middle-distance runners 
may suggest better antioxidant protection against oxidative stress. The reason for this could be 
the fact that the training form of middle-distance runners exposes their bodies to more oxidative 
stress, which upregulates better antioxidant states.  
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are similar in the general public. Second, as in Study IV, the participants in this study are all 
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test. Third, there was no longer follow-up period after the trial, so data on potential chronic 
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Overall, in this study we indicated that immediately after acute physical exercise, in the form 
of a treadmill run, the serum concentrations of oxHDLlipids increased and that of oxLDLlipids 
decreased. Even more interestingly, the ratio of oxHDLlipids to oxLDLlipids increased 
dramatically. These results may give evidence that physiological oxidative stress triggered by 
exhaustive physical exercise stimulates the transport of lipid oxidation products by HDL. These 
findings deepen the view of the of HDL in the clearance of noxious lipid peroxides, and the 
adaptive capacity of protective HDL functions. Furthermore, the group differences between the 
runners in pre-exercise levels show us how different training histories can affect endogenous 
antioxidant and lipid transportation mechanisms in the long-term, though the acute responses 
to exercise are similar.  
 
6.4. THE ACUTE EFFECT OF DIFFERENT INTENSITIES OF 
EXERCISES ON oxHDL AND OXLDLlipids (STUDY IV) 
Several studies have shown the well-recognised association between high levels of aerobic 
training and the beneficial effects on oxidative stress and the plasma lipid profile, preventing 
atherogenesis in both animal and human profiles (Pellegrin et al. 2009, Ramachandran et al. 
2005, Swift et al. 2013). Despite the broad studies done in this field, the mechanisms behind 
these beneficial effects are not yet fully understood. The association between exercise and 
cholesterol transport functions of HDL and LDL has been shown in many studies (Powell et al. 
1987, Durstine & Haskell 1994, Vasankari et al. 1998, Vasankari et al. 2001). However, there 
are only a few studies that address the effect of exercise intensity and training history in this 
study field. Study IV points out that two different intensities of running exercises (continuous 
and intermittent runs) substantially increased the levels of oxHDLlipids. Moreover, we found 
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that training history could modulate the acute effect of running exercise on the serum 
concentration of oxidized lipids.  
In this investigation, both running test resulted in a similar increase in the serum concentration 
of oxHDLlipids. However, interestingly, during the intermittent run, the increase from pre-
exercise levels to after 20 minutes of exercise was 2.3 times greater among the middle-distance 
runners than among the marathon runners. The levels of oxHDLlipids did not increase further 
after the first 20 minutes of exercise among the middle-distance runners, and similar findings 
were observed among the marathon runners during the continuous run. These findings indicate 
that the exercise, which was strongly linked to participants’ training history, could not induce 
any further stimulus after the first 20 minutes of the run, an observation that suggests training 
adaption to that type of exercise. These results demonstrate that genetic background and/or 
training history can have a strong impact on endogenous transporting mechanisms of 
oxHDLlipids (Ahotupa et al. 2010). 
It is well-established that a high concentration of oxidized LDL lipids is a key pathogenic factor 
behind underlying cardiovascular disease (Shao & Heinecke 2009, Maiolino et al. 2013). 
Furthermore, regular physical activity seems to have an effective role in preventing this process 
(Powell et al. 1987, Kujala et al. 1997). One explanation behind this favourable effect of regular 
physical exercise on cardiovascular risk factors is that exercise decreases oxLDLlipids levels 
(Ahotupa et al. 1996a, Vasankari et al. 1997, Vuorimaa et al. 2005, Välimäki et al. 2012). 
Middle-distance runners perform fast and intermittent types of training, whereas marathon 
runners prefer more continuous types of running exercises. With this adaption to different types 
of training, combined with genetic differences, marathon runners have the potential to develop 
better VO2max, compared to middle-distance runners, who have a higher anaerobic capacity 
(Vuorimaa et al. 1996). In this study, we found different degrees of a decrease in the levels of 
oxLDLlipids, from pre-exercise levels to levels immediately after the continuous run, when we 
compared the change among the middle-distance runners and change among the marathon 
runners. Furthermore, the baseline levels of oxLDLlipids were lower for marathon runners than 
for middle-distance runners. One hypothesis behind these findings is that the training history 
of marathon runners had resulted in well-functioning antioxidant protection and had built up a 
mechanism of defence for LDL oxidation (Brites et al. 2006). This is line with the results shown 
in Study III.  
The effect of acute exercise inducing the production of the reactive oxygen species was 
discovered in the early 1980s by Davies et al. (1982), and recent data has confirmed this 
evidence (Morales-Alamo & Calbet 2014). However, on the basis of present knowledge we 
have detected that reactive oxygen species are not only harmful to the body but also up-regulate 
adaption mechanisms, including antioxidant protection (Fisher-Wellman & Bloomer 2009, 
Radak et al. 2013). Furthermore, several studies have indicated that exercise intensity has a 
major role in the production of reactive oxygen species by adapting the level of exercise-
induced oxidative stress (Wang et al. 2006, Sureda et al. 2009, Bouzid et al. 2015). Moreover, 
if the intensity of exercise is more than 60–70% of VO2max, negative effects of exercise will 
arise (Lamprecth et al. 2008). In this study, the immediate effect of exercise induced an increase 
of malondialdehyde levels by 34% during the intermittent running test (100% of VO2max) and 
by 24% during the continuous running test (80% of VO2max). In accordance with these results, 
we assert that anaerobic types of intermittent running could have a greater influence on the 
production of reactive oxygen species/reactive nitrogen species, which could explain the higher 
increase of malondialdehyde.  
Antioxidant mechanisms are improved after each single period of exercise via stimulating 
adaptive changes in signalling pathways. Antioxidant paraoxonase is one endogenous free 
radical scavenger in the body and is associated with HDL; it protects HDL against LDL 
oxidation (Mackness et al. 1993). Paraoxonase activity is known to be influenced by physical 
activity and genetic background (Cakmak et al. 2010, Costa et al. 2011). Furthermore, the 
effects of acute exercise-induced oxidative stress can be modulated by aerobic training, so that 
regularly trained individuals adapt more efficiently to oxidative stress via paraoxonase activity 
(Otocka-Kmiecik et al. 2014). In this study, the paraoxonase activity levels increased by 8% 
during the aerobic continuous running test, but this effect was not seen during the intermittent 
running test. Accordance to these findings, we suggest that different types of training intensities 
affect the antioxidant system differently. We also used the TRAP method to evaluate the the 
immediate effect of exercise in both running tests and the recovery of total antioxidant capacity. 
During both trials the serum concentration of TRAP increased similarly as a result of acute 
exercise. This is line with our earlier findings involving prolonged acute exercise (Vasankari et 
al. 1997, Välimäki et al. 2012). 
There are some limitations that should be take into account when interpreting these results. First, 
these results only give us information regarding how athletes react acutely to different types of 
running tests, longitudinal data is lacking. Second, as in Study III, there is the participants of 
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(Ahotupa et al. 1996a, Vasankari et al. 1997, Vuorimaa et al. 2005, Välimäki et al. 2012). 
Middle-distance runners perform fast and intermittent types of training, whereas marathon 
runners prefer more continuous types of running exercises. With this adaption to different types 
of training, combined with genetic differences, marathon runners have the potential to develop 
better VO2max, compared to middle-distance runners, who have a higher anaerobic capacity 
(Vuorimaa et al. 1996). In this study, we found different degrees of a decrease in the levels of 
oxLDLlipids, from pre-exercise levels to levels immediately after the continuous run, when we 
compared the change among the middle-distance runners and change among the marathon 
runners. Furthermore, the baseline levels of oxLDLlipids were lower for marathon runners than 
for middle-distance runners. One hypothesis behind these findings is that the training history 
of marathon runners had resulted in well-functioning antioxidant protection and had built up a 
mechanism of defence for LDL oxidation (Brites et al. 2006). This is line with the results shown 
in Study III.  
The effect of acute exercise inducing the production of the reactive oxygen species was 
discovered in the early 1980s by Davies et al. (1982), and recent data has confirmed this 
evidence (Morales-Alamo & Calbet 2014). However, on the basis of present knowledge we 
have detected that reactive oxygen species are not only harmful to the body but also up-regulate 
adaption mechanisms, including antioxidant protection (Fisher-Wellman & Bloomer 2009, 
Radak et al. 2013). Furthermore, several studies have indicated that exercise intensity has a 
major role in the production of reactive oxygen species by adapting the level of exercise-
induced oxidative stress (Wang et al. 2006, Sureda et al. 2009, Bouzid et al. 2015). Moreover, 
if the intensity of exercise is more than 60–70% of VO2max, negative effects of exercise will 
arise (Lamprecth et al. 2008). In this study, the immediate effect of exercise induced an increase 
of malondialdehyde levels by 34% during the intermittent running test (100% of VO2max) and 
by 24% during the continuous running test (80% of VO2max). In accordance with these results, 
we assert that anaerobic types of intermittent running could have a greater influence on the 
production of reactive oxygen species/reactive nitrogen species, which could explain the higher 
increase of malondialdehyde.  
Antioxidant mechanisms are improved after each single period of exercise via stimulating 
adaptive changes in signalling pathways. Antioxidant paraoxonase is one endogenous free 
radical scavenger in the body and is associated with HDL; it protects HDL against LDL 
oxidation (Mackness et al. 1993). Paraoxonase activity is known to be influenced by physical 
activity and genetic background (Cakmak et al. 2010, Costa et al. 2011). Furthermore, the 
effects of acute exercise-induced oxidative stress can be modulated by aerobic training, so that 
regularly trained individuals adapt more efficiently to oxidative stress via paraoxonase activity 
(Otocka-Kmiecik et al. 2014). In this study, the paraoxonase activity levels increased by 8% 
during the aerobic continuous running test, but this effect was not seen during the intermittent 
running test. Accordance to these findings, we suggest that different types of training intensities 
affect the antioxidant system differently. We also used the TRAP method to evaluate the the 
immediate effect of exercise in both running tests and the recovery of total antioxidant capacity. 
During both trials the serum concentration of TRAP increased similarly as a result of acute 
exercise. This is line with our earlier findings involving prolonged acute exercise (Vasankari et 
al. 1997, Välimäki et al. 2012). 
There are some limitations that should be take into account when interpreting these results. First, 
these results only give us information regarding how athletes react acutely to different types of 
running tests, longitudinal data is lacking. Second, as in Study III, there is the participants of 
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this study were all male. Third, we did not measure plasma volume in this study, but we did not 
expect it to change in a running test during which water was allowed to be drunk ad libitum.  
In conclusion, this study demonstrates that both continuous and intermittent intensive running 
tests increase oxHDLlipids significantly. Furthermore, the faster intermittent type of running 
elevated oxHDLlipids levels more for middle-distance runners than for marathon runners, and 
no further increase was observed among middle-distance runners after the first 20 minutes of 
exercise. Likewise, no further elevations were observed in oxHDLlipids among marathon 
runners after the first 20 minutes of exercise during the continuous run. These different 
oxHDLlipids reactions to running tests seem to be associated with varying anaerobic-aerobic 
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anaerobic types of training over a whole season, compared with athletes who prefer 
aerobic types of training.  
 
2. Low-intensity aerobic training seems to protect LDL lipids from oxidation during the 
three months’ training period before a marathon run among keep-fit runners. More 
interestingly, only a six-day preparation period, when training amounts were reduced 
by half and carbohydrate intake was increased, was enough to elevate the serum 
oxLDLlipids levels remarkably. 
 
 
3. The treadmill run until exhaustion performed by endurance runners significantly 
increased oxHDLlipids and the ratio of oxHDLlipids to oxLDLlipids levels in serum. 
These findings seem to indicate that HDL has a role in the reverse transport of lipid 
oxidation products induced by exercise.  
 
4. Both intermittent and continuous types of exercise increased oxHDLlipids levels in 
serum significantly. However, marathon runners and middle-distance runners behaved 
differently during the first 20 minutes of performed exercises. OxHDLlipids levels 


















30921672_Turun_yliopisto_Vaitoskirja_Iiro_Valimaki_sisus_18_10_30.indd   50 31.10.2018   10.10.52
 
 
this study were all male. Third, we did not measure plasma volume in this study, but we did not 
expect it to change in a running test during which water was allowed to be drunk ad libitum.  
In conclusion, this study demonstrates that both continuous and intermittent intensive running 
tests increase oxHDLlipids significantly. Furthermore, the faster intermittent type of running 
elevated oxHDLlipids levels more for middle-distance runners than for marathon runners, and 
no further increase was observed among middle-distance runners after the first 20 minutes of 
exercise. Likewise, no further elevations were observed in oxHDLlipids among marathon 
runners after the first 20 minutes of exercise during the continuous run. These different 
oxHDLlipids reactions to running tests seem to be associated with varying anaerobic-aerobic 











1. The levels of diene conjugation in serum is higher in athletes who perform more 
anaerobic types of training over a whole season, compared with athletes who prefer 
aerobic types of training.  
 
2. Low-intensity aerobic training seems to protect LDL lipids from oxidation during the 
three months’ training period before a marathon run among keep-fit runners. More 
interestingly, only a six-day preparation period, when training amounts were reduced 
by half and carbohydrate intake was increased, was enough to elevate the serum 
oxLDLlipids levels remarkably. 
 
 
3. The treadmill run until exhaustion performed by endurance runners significantly 
increased oxHDLlipids and the ratio of oxHDLlipids to oxLDLlipids levels in serum. 
These findings seem to indicate that HDL has a role in the reverse transport of lipid 
oxidation products induced by exercise.  
 
4. Both intermittent and continuous types of exercise increased oxHDLlipids levels in 
serum significantly. However, marathon runners and middle-distance runners behaved 
differently during the first 20 minutes of performed exercises. OxHDLlipids levels 


















30921672_Turun_yliopisto_Vaitoskirja_Iiro_Valimaki_sisus_18_10_30.indd   51 31.10.2018   10.10.52
9.  REFERENCES 
 
Ahotupa M, Ruutu M, Mäntylä E. Simple methods of quantifying oxidation products and 
antioxidant potential of low density lipoproteins. Clin Biochem 1996a; 29:139-44. 
 
Ahotupa M, Saxelin M, Korpela R. Antioxidant properties of Lactobacillus GG. Nutrition 
Today 1996b; 31: 51-52. 
 
Ahotupa M, Marniemi J, Lehtimäki T, Talvinen K, Raitakari OT, Vasankari T Viikari J, Luoma 
J, Ylä-Herttuala S. Baseline diene conjugation in LDL lipids as a direct measure of in vivo LDL 
oxidation. Clin Biochem 1998; 31:257-261. 
 
Ahotupa M, Suomela JP, Vuorimaa T, Vasankari T. Lipoprotein-specific transport of 
circulating lipid peroxides. Ann Med 2010; 42:521-529. 
 
Ahotupa M. Oxidized lipoprotein lipids and atherosclerosis. Free Radic Res 2017; 51:439-447. 
 
Alessio HM, Goldfarb AH. Lipid peroxidation and scavenger enzymes during exercise: 
adaptive response to training. J Appl Physiol 1988; 64(4):1333-6. 
 
Alessio HM, Hagerman AE, Fulkerson BK, Ambrose J, Rice RE, Wiley RL. Generation of 
reactive oxygen species after exhaustive aerobic and isometric exercise. Med Sci Sports Exerc 
2000; 32:1576-1581. 
 
Amit-Romach E, Uni Z, Reifen R. Multistep mechanism of probiotic bacterium, the effect on 
innate immune system. Mol Nutr Food Res 2010; 54:277-284. 
 
Ansell BJ, Navab M, Hama S, Kamranpour N, Fonarow G, Hough G, Rahmani S, Mottahedeh 
R, Dave R, Reddy ST, Fogelman AM. Inflammatory/anti-inflammatory properties of high-
density lipoprotein distinguish patients from control subjects better than high-density 
lipoprotein cholesterol levels and are favorably affected by simvastatin treatment. Circulation 
2003; 108:2751-2756.  
 
8. ACKNOWLEDGEMENTS 
This thesis was accomplished at the Paavo Nurmi Center, Department of Physical Activity and Health 
and Department of Physiology, University of Turku, Finland. The first two publications of this thesis 
took place during my medical studies in years 2010 and 2012. After graduation it took 4 years before 
I found the spark again and finally the two last studies were published in 2016. The time frame for 
completing this thesis project was roughly 8 years and was supported by the Turku Doctoral 
Programme of Clinical Sciences.  
My deepest and sincerest gratitude goes first and foremost to my two supervisors, Docent Tommi 
Vasankari as the principal supervisor and Docent Markku Ahotupa as the second supervisor and 
expert on the methodology behind oxLDL and oxHDL. Your wisdom and guidance were inspiring 
and gave me great motivation throughout the entire period of my research study. With your insightful 
criticism and valuable suggestions my thesis was carried out with high level of quality. This long 
thesis project needed your great patience and constant encouragement. The knowledge that I gained 
from you throughout these years benefit me in my future life and career. I am grateful to Principal 
Lecturer, PhD Timo Vuorimaa for supervising this project from the physiologically perspective. I 
also thank Professor, Docent, MD, PhD Olli Heinonen and Paavo Nurmi Centre for helping and 
guiding me to achieve this big goal in my life.  
I sincerely thank my co-authors Professor Riitta Korpela and PhD Riina Kekkonen for their 
collaboration with my second publication.  
In order for me to able to complete the thesis, the funding was mostly provided by Paavo Nurmi 
Centre and Turku University foundation. The study II was partly funded by Research Council for 
Health of the Academy of Finland and Valio.  
I convey special thank for my parents Markku and Sirpa Välimäki, who helped during my medical 
studies and encouraged me to finish my doctoral studies after graduation. My brother Antti deserves 
a special thank for being an important influencer in my career, his sincere interest toward medicine 
is admirable. I thank my dearest family in all my heart.  
The project has taken much valuable time from not mentioned various people and for this support 
and sacrifice I gave my sincerest gratitude.  
 
52 Acknowledgements
30921672_Turun_yliopisto_Vaitoskirja_Iiro_Valimaki_sisus_18_10_30.indd   52 31.10.2018   10.10.52
9.  REFERENCES 
 
Ahotupa M, Ruutu M, Mäntylä E. Simple methods of quantifying oxidation products and 
antioxidant potential of low density lipoproteins. Clin Biochem 1996a; 29:139-44. 
 
Ahotupa M, Saxelin M, Korpela R. Antioxidant properties of Lactobacillus GG. Nutrition 
Today 1996b; 31: 51-52. 
 
Ahotupa M, Marniemi J, Lehtimäki T, Talvinen K, Raitakari OT, Vasankari T Viikari J, Luoma 
J, Ylä-Herttuala S. Baseline diene conjugation in LDL lipids as a direct measure of in vivo LDL 
oxidation. Clin Biochem 1998; 31:257-261. 
 
Ahotupa M, Suomela JP, Vuorimaa T, Vasankari T. Lipoprotein-specific transport of 
circulating lipid peroxides. Ann Med 2010; 42:521-529. 
 
Ahotupa M. Oxidized lipoprotein lipids and atherosclerosis. Free Radic Res 2017; 51:439-447. 
 
Alessio HM, Goldfarb AH. Lipid peroxidation and scavenger enzymes during exercise: 
adaptive response to training. J Appl Physiol 1988; 64(4):1333-6. 
 
Alessio HM, Hagerman AE, Fulkerson BK, Ambrose J, Rice RE, Wiley RL. Generation of 
reactive oxygen species after exhaustive aerobic and isometric exercise. Med Sci Sports Exerc 
2000; 32:1576-1581. 
 
Amit-Romach E, Uni Z, Reifen R. Multistep mechanism of probiotic bacterium, the effect on 
innate immune system. Mol Nutr Food Res 2010; 54:277-284. 
 
Ansell BJ, Navab M, Hama S, Kamranpour N, Fonarow G, Hough G, Rahmani S, Mottahedeh 
R, Dave R, Reddy ST, Fogelman AM. Inflammatory/anti-inflammatory properties of high-
density lipoprotein distinguish patients from control subjects better than high-density 
lipoprotein cholesterol levels and are favorably affected by simvastatin treatment. Circulation 
2003; 108:2751-2756.  
 
8. ACKNOWLEDGEMENTS 
This thesis was accomplished at the Paavo Nurmi Center, Department of Physical Activity and Health 
and Department of Physiology, University of Turku, Finland. The first two publications of this thesis 
took place during my medical studies in years 2010 and 2012. After graduation it took 4 years before 
I found the spark again and finally the two last studies were published in 2016. The time frame for 
completing this thesis project was roughly 8 years and was supported by the Turku Doctoral 
Programme of Clinical Sciences.  
My deepest and sincerest gratitude goes first and foremost to my two supervisors, Docent Tommi 
Vasankari as the principal supervisor and Docent Markku Ahotupa as the second supervisor and 
expert on the methodology behind oxLDL and oxHDL. Your wisdom and guidance were inspiring 
and gave me great motivation throughout the entire period of my research study. With your insightful 
criticism and valuable suggestions my thesis was carried out with high level of quality. This long 
thesis project needed your great patience and constant encouragement. The knowledge that I gained 
from you throughout these years benefit me in my future life and career. I am grateful to Principal 
Lecturer, PhD Timo Vuorimaa for supervising this project from the physiologically perspective. I 
also thank Professor, Docent, MD, PhD Olli Heinonen and Paavo Nurmi Centre for helping and 
guiding me to achieve this big goal in my life.  
I sincerely thank my co-authors Professor Riitta Korpela and PhD Riina Kekkonen for their 
collaboration with my second publication.  
In order for me to able to complete the thesis, the funding was mostly provided by Paavo Nurmi 
Centre and Turku University foundation. The study II was partly funded by Research Council for 
Health of the Academy of Finland and Valio.  
I convey special thank for my parents Markku and Sirpa Välimäki, who helped during my medical 
studies and encouraged me to finish my doctoral studies after graduation. My brother Antti deserves 
a special thank for being an important influencer in my career, his sincere interest toward medicine 
is admirable. I thank my dearest family in all my heart.  
The project has taken much valuable time from not mentioned various people and for this support 
and sacrifice I gave my sincerest gratitude.  
 
53References
30921672_Turun_yliopisto_Vaitoskirja_Iiro_Valimaki_sisus_18_10_30.indd   53 31.10.2018   10.10.52
 
 
Barter P, Gotto AM, LaRosa JC, Maroni J, Szarek M, Grundy SM, Kastelein JJ, Bittner V, 
Fruchart JC. HDL cholesterol, very low levels of LDL cholesterol, and cardiovascular events. 
N Engl J Med 2007; 357:1301-1310. 
 
Berniler JA, Territo MC, Sevanian A, Ramin S, Kim JA, Bamshad B, Esterson M, Fogelholm 
AM. Minimally modified low density lipoprotein stimulates monocyte endothelial interactions. 
Journal Clinical Investigation 1990; 85:1260-1266. 
 
Billat V, Renoux JC, Pinoteau J, Petit B, Koralsztein J-P. Reproducibility of running time to 
exhaustion at VO2max in subelite runners. Med Sci Sports Exerc 1994; 26:254-257. 
 
Billat V, Renoux JC, Pinoteau J, Petit B, Koralsztein J-P. Times to exhaustion at 90, 100 and 
105% of velocity at VO2max (maximal aerobic speed) and critical speed in elite long distance 
runners. Arch Physiol Biochem 1995; 103:129-135. 
 
Billat VL, Hill DW, Pinoteau J, Petit B, Koralsztein J-P. Effect of protocol on determination of 
the velocity at VO2max and its time to exhaustion. Arch Physiol Biochem 1996; 104:313-321. 
 
Björkbacka H, Kunjathoor VV, Moore KJ, Koehn S, Ordija CM, Lee MA, Means T, Halmen 
K, Luster AD, Golenbock DT, Freeman MW. Reduced atherosclerosis in MyD88-null mice 
links elevated serum cholesterol levels to activation of innate immunity signaling pathways. 
Nat Med 2004; 10: 416–421. 
 
Bloomer RJ. Effect of exercise on oxidative stress biomarkers. Adv Clin Chem 2008; 46:1-50. 
 
Boden WE, Probstfield JL, Anderson TJ, Chaitman BR, Desvignes-Nickens P, Koprowicz K, 
McBride R, Teo K, Weintraub W. Niacin in patients with low HDL cholesterol levels receiving 
intensive statin therapy. N Engl J Med 2011; 365:572–580.  
 
Boden G, Homko C, Barrero CA, Stein TP, Chen X, Cheung P, Fecchio C, Koller S, Merali S. 
Excessive caloric intake acutely causes oxidative stress, GLUT4 carbonylation, and insulin 
resistance in healthy men. Sci Transl Med 2015; 9:7:304. 
 
Bouzid MA, Hammouda O, Matran R, Robin S, Fabre C. Influence of physical fitness on 
antioxidant activity and malondialdehyde level in healthy older adults. Appl Physiol Nutr Metab 
2015; 40:582-589. 
 
Bowry VW, Stanley KK, Stocker R. High density lipoprotein is the major carrier of lipid 
hydroperoxides in human blood plasma from fasting donors. Proc Natl Acad Sci USA 1992; 
89:10316–10320. 
 
Brites F, ZagoV, Verona J, Muzzio ML, Wikinski R, Schreier L. HDL capacity to 
inhibit LDL oxidation in well-trained triathletes. Life Sci 2006; 78:3074-3081. 
 
Burku AP, Farb A, Malcolm GT, Liang YH, Smialek J, Virmani R. Coronary risk factors and 
plaque morphology in men with coronary disease who died suddenly. New England Journal of 
Medicine 1997; 336:1276-1282. 
 
Cakmak A, Zeyrek D, Atas A, Erel O. Paraoxonase activity in athletic adolescents. Pediat Exerc 
Sci 2010; 22:93-104. 
 
Camps J, Marsillach J, Joven J. The paraoxonase: role in human diseases and methodological 
difficulties in measurement. Crit Rev Clin Lab Sci 2009; 46: 83–106. 
 
Chen Z, Keaney JF Jr, Schulz E, Levison B, Shan L, Sakuma M, Zhang X, Shi C, Hazen SL, 
and Simon SI. Decreased neointimal formation in Nox2-deficient mice reveals a direct role for 
NADPH oxidase in the response to arterial injury. Proc Natl Acad Sci USA 2004; 101:13014-
13019. 
 
Cho BHS, Park JR, Nakamura MT, Odintsov BM, Wallig MA, Chung BH. Synthetic 
dimyristoylphosphatidylcholine liposomes assimilating into high-density lipoprotein promote 
regression of atherosclerotic lesions in cholesterol-fed rabbits. Exp Biol Med 2010; 235:1194-
1203. 
 
Christison JK, Rye KA, Stocker R. Exchange of oxidized cholesteryl linoleate between LDL 
and HDL mediated by cholesteryl ester transfer protein. J Lipid Res 1995; 36:2017–2026. 
 
54 References
30921672_Turun_yliopisto_Vaitoskirja_Iiro_Valimaki_sisus_18_10_30.indd   54 31.10.2018   10.10.53
 
 
Barter P, Gotto AM, LaRosa JC, Maroni J, Szarek M, Grundy SM, Kastelein JJ, Bittner V, 
Fruchart JC. HDL cholesterol, very low levels of LDL cholesterol, and cardiovascular events. 
N Engl J Med 2007; 357:1301-1310. 
 
Berniler JA, Territo MC, Sevanian A, Ramin S, Kim JA, Bamshad B, Esterson M, Fogelholm 
AM. Minimally modified low density lipoprotein stimulates monocyte endothelial interactions. 
Journal Clinical Investigation 1990; 85:1260-1266. 
 
Billat V, Renoux JC, Pinoteau J, Petit B, Koralsztein J-P. Reproducibility of running time to 
exhaustion at VO2max in subelite runners. Med Sci Sports Exerc 1994; 26:254-257. 
 
Billat V, Renoux JC, Pinoteau J, Petit B, Koralsztein J-P. Times to exhaustion at 90, 100 and 
105% of velocity at VO2max (maximal aerobic speed) and critical speed in elite long distance 
runners. Arch Physiol Biochem 1995; 103:129-135. 
 
Billat VL, Hill DW, Pinoteau J, Petit B, Koralsztein J-P. Effect of protocol on determination of 
the velocity at VO2max and its time to exhaustion. Arch Physiol Biochem 1996; 104:313-321. 
 
Björkbacka H, Kunjathoor VV, Moore KJ, Koehn S, Ordija CM, Lee MA, Means T, Halmen 
K, Luster AD, Golenbock DT, Freeman MW. Reduced atherosclerosis in MyD88-null mice 
links elevated serum cholesterol levels to activation of innate immunity signaling pathways. 
Nat Med 2004; 10: 416–421. 
 
Bloomer RJ. Effect of exercise on oxidative stress biomarkers. Adv Clin Chem 2008; 46:1-50. 
 
Boden WE, Probstfield JL, Anderson TJ, Chaitman BR, Desvignes-Nickens P, Koprowicz K, 
McBride R, Teo K, Weintraub W. Niacin in patients with low HDL cholesterol levels receiving 
intensive statin therapy. N Engl J Med 2011; 365:572–580.  
 
Boden G, Homko C, Barrero CA, Stein TP, Chen X, Cheung P, Fecchio C, Koller S, Merali S. 
Excessive caloric intake acutely causes oxidative stress, GLUT4 carbonylation, and insulin 
resistance in healthy men. Sci Transl Med 2015; 9:7:304. 
 
Bouzid MA, Hammouda O, Matran R, Robin S, Fabre C. Influence of physical fitness on 
antioxidant activity and malondialdehyde level in healthy older adults. Appl Physiol Nutr Metab 
2015; 40:582-589. 
 
Bowry VW, Stanley KK, Stocker R. High density lipoprotein is the major carrier of lipid 
hydroperoxides in human blood plasma from fasting donors. Proc Natl Acad Sci USA 1992; 
89:10316–10320. 
 
Brites F, ZagoV, Verona J, Muzzio ML, Wikinski R, Schreier L. HDL capacity to 
inhibit LDL oxidation in well-trained triathletes. Life Sci 2006; 78:3074-3081. 
 
Burku AP, Farb A, Malcolm GT, Liang YH, Smialek J, Virmani R. Coronary risk factors and 
plaque morphology in men with coronary disease who died suddenly. New England Journal of 
Medicine 1997; 336:1276-1282. 
 
Cakmak A, Zeyrek D, Atas A, Erel O. Paraoxonase activity in athletic adolescents. Pediat Exerc 
Sci 2010; 22:93-104. 
 
Camps J, Marsillach J, Joven J. The paraoxonase: role in human diseases and methodological 
difficulties in measurement. Crit Rev Clin Lab Sci 2009; 46: 83–106. 
 
Chen Z, Keaney JF Jr, Schulz E, Levison B, Shan L, Sakuma M, Zhang X, Shi C, Hazen SL, 
and Simon SI. Decreased neointimal formation in Nox2-deficient mice reveals a direct role for 
NADPH oxidase in the response to arterial injury. Proc Natl Acad Sci USA 2004; 101:13014-
13019. 
 
Cho BHS, Park JR, Nakamura MT, Odintsov BM, Wallig MA, Chung BH. Synthetic 
dimyristoylphosphatidylcholine liposomes assimilating into high-density lipoprotein promote 
regression of atherosclerotic lesions in cholesterol-fed rabbits. Exp Biol Med 2010; 235:1194-
1203. 
 
Christison JK, Rye KA, Stocker R. Exchange of oxidized cholesteryl linoleate between LDL 
and HDL mediated by cholesteryl ester transfer protein. J Lipid Res 1995; 36:2017–2026. 
 
55References
30921672_Turun_yliopisto_Vaitoskirja_Iiro_Valimaki_sisus_18_10_30.indd   55 31.10.2018   10.10.53
 
 
Cockerill GW, Rye KA, Gamble JR, Vadas MA, Barter PJ. High-density lipoproteins inhibit 
cytokine-induced expression of endothelial cell adhesion molecules. Arteriosclerosis, 
Thrombosis, and Vascular Biology 1995; 15:1987-1994.  
 
Coffey VG, Hawley. The molecular bases of training adaptation. 
Sports Med 2007; 37:737–763. 
 
Costa LG, Vitalone A, Cole T, Furlong C. Modulation of paraoxonase (PON1) activity. 
Biochem Pharmacol 2005; 69: 541–550. 
 
Costa LG, Giordano G, Furlong CE. Pharmacological and dietary modulators of paraoxonase 
1 (PON1) activity and expression: The hunt goes on. Biochem Pharmacol 2011; 81:337-344. 
 
Davies KJA, Quintanjiha AT, Brooks GA, Packer L. Free radicals and tissue damage produced 
by exercise. Biochem Biophys Res Commun 1982; 107:1198-205. 
 
Dröge W. Free radicals in the physiological control of cell function. Physiol Rev 2002; 82:47-
95.  
 
Durrington PN, Mackness B, Mackness MI. Paraoxonase and atherosclerosis. Arteriosclerosis, 
Thrombosis, And Vascular Biology 2001; 21: 473-480.  
 
Durstine JL, Haskell WL. Effects of exercise training on plasma lipids and lipoproteins. Exerc 
Sport Sci Rev 1994; 22:477–521. 
 
Eijsvogels TM, Molossi S, Lee DC, Emery MS, Thompson PD. J Am Coll Cardiol 2016; 67: 
316-29. 
 
Fatouros IG, Jamurtas AZ. Insights into the Molecular Etiology of Exercise-Induced 
Inflammation: Opportunities for Optimizing Performance. J Inflamm Res 2016; 9:175–186. 
 
Feig JE, Hewing B, Smith JD, Hazen SL, Fisher EA. High-density lipoprotein and 
atherosclerosis regression: evidence from preclinical and clinical studies. Circ Res 2014; 
114:205–213. 
 
Feingold KR, Grunfeld C. Cholesterol Lowering Drugs. [Updated 2016 Aug 10]. In: De Groot 
LJ, Chrousos G, Dungan K, et al., editors. Endotext [Internet]. South Dartmouth (MA): 
MDText.com, Inc.; 2000- 
 
Finaud, J, Lac G, Filaire E. Oxidative Stress: Relationship with Exercise and Training. Sports 
Med; 2006a; 36:327–358. 
 
Finaud J, Scislowski V, Lac G, Durand D, Vidalin H, Robert A et al. Antioxidant status and 
oxidative stress in professional rugby players: evolution throughout a season. Int J Sports Med 
2006b; 27:87-93. 
 
Fisher-Wellman K, Bloomer RJ. Acute exercise and oxidative stress: a 30 year history. Dyn 
Med 2009; 8:1. 
 
Ford ES, Giles WH, Dietz WH. Prevalence of the metabolic syndrome among US adults – 
findings from the third national health and nutrition examination survey. The Journal of The 
American Medical Association 2002; 287:356-359.  
 
Furlong CE, Suzuki SM, Stevens RC, Marsillach J, Richter RJ, Jarvik GP, Checkoway H, Samii 
A, Costa LG, Griffith A, Roberts JW, Yearout D, Zabetian CP. Human PON1, a biomarker of 
risk of disease and exposure. Chem Biol Interact 2010; 187: 355–361. 
 
GBD 2015 Mortality and Causes of Death Collaborators. Global, regional, and national life 
expectancy, all-cause mortality, and cause-specific mortality for 249 causes of death, 1980-
2015: a systematic analysis for the Global Burden of Disease Study 2015. Lancet 2016; 
388:1459-1544. 
 
Gomez-Cabrera MC, Domenech E, Viña J. Moderate exercise is an antioxidant: upregulation 
of antioxidant genes by training. Free Radic Biol Med 2008; 44:126-131. 
 
González-Flecha B, Cutrín, J and Boveris A. Time course and mechanism of oxidative stress 
and tissue damage in rat liver subjected to in vivo ischemia–reperfusion. J Clin Invest 1993; 
91:456-64. 
56 References
30921672_Turun_yliopisto_Vaitoskirja_Iiro_Valimaki_sisus_18_10_30.indd   56 31.10.2018   10.10.53
 
 
Cockerill GW, Rye KA, Gamble JR, Vadas MA, Barter PJ. High-density lipoproteins inhibit 
cytokine-induced expression of endothelial cell adhesion molecules. Arteriosclerosis, 
Thrombosis, and Vascular Biology 1995; 15:1987-1994.  
 
Coffey VG, Hawley. The molecular bases of training adaptation. 
Sports Med 2007; 37:737–763. 
 
Costa LG, Vitalone A, Cole T, Furlong C. Modulation of paraoxonase (PON1) activity. 
Biochem Pharmacol 2005; 69: 541–550. 
 
Costa LG, Giordano G, Furlong CE. Pharmacological and dietary modulators of paraoxonase 
1 (PON1) activity and expression: The hunt goes on. Biochem Pharmacol 2011; 81:337-344. 
 
Davies KJA, Quintanjiha AT, Brooks GA, Packer L. Free radicals and tissue damage produced 
by exercise. Biochem Biophys Res Commun 1982; 107:1198-205. 
 
Dröge W. Free radicals in the physiological control of cell function. Physiol Rev 2002; 82:47-
95.  
 
Durrington PN, Mackness B, Mackness MI. Paraoxonase and atherosclerosis. Arteriosclerosis, 
Thrombosis, And Vascular Biology 2001; 21: 473-480.  
 
Durstine JL, Haskell WL. Effects of exercise training on plasma lipids and lipoproteins. Exerc 
Sport Sci Rev 1994; 22:477–521. 
 
Eijsvogels TM, Molossi S, Lee DC, Emery MS, Thompson PD. J Am Coll Cardiol 2016; 67: 
316-29. 
 
Fatouros IG, Jamurtas AZ. Insights into the Molecular Etiology of Exercise-Induced 
Inflammation: Opportunities for Optimizing Performance. J Inflamm Res 2016; 9:175–186. 
 
Feig JE, Hewing B, Smith JD, Hazen SL, Fisher EA. High-density lipoprotein and 
atherosclerosis regression: evidence from preclinical and clinical studies. Circ Res 2014; 
114:205–213. 
 
Feingold KR, Grunfeld C. Cholesterol Lowering Drugs. [Updated 2016 Aug 10]. In: De Groot 
LJ, Chrousos G, Dungan K, et al., editors. Endotext [Internet]. South Dartmouth (MA): 
MDText.com, Inc.; 2000- 
 
Finaud, J, Lac G, Filaire E. Oxidative Stress: Relationship with Exercise and Training. Sports 
Med; 2006a; 36:327–358. 
 
Finaud J, Scislowski V, Lac G, Durand D, Vidalin H, Robert A et al. Antioxidant status and 
oxidative stress in professional rugby players: evolution throughout a season. Int J Sports Med 
2006b; 27:87-93. 
 
Fisher-Wellman K, Bloomer RJ. Acute exercise and oxidative stress: a 30 year history. Dyn 
Med 2009; 8:1. 
 
Ford ES, Giles WH, Dietz WH. Prevalence of the metabolic syndrome among US adults – 
findings from the third national health and nutrition examination survey. The Journal of The 
American Medical Association 2002; 287:356-359.  
 
Furlong CE, Suzuki SM, Stevens RC, Marsillach J, Richter RJ, Jarvik GP, Checkoway H, Samii 
A, Costa LG, Griffith A, Roberts JW, Yearout D, Zabetian CP. Human PON1, a biomarker of 
risk of disease and exposure. Chem Biol Interact 2010; 187: 355–361. 
 
GBD 2015 Mortality and Causes of Death Collaborators. Global, regional, and national life 
expectancy, all-cause mortality, and cause-specific mortality for 249 causes of death, 1980-
2015: a systematic analysis for the Global Burden of Disease Study 2015. Lancet 2016; 
388:1459-1544. 
 
Gomez-Cabrera MC, Domenech E, Viña J. Moderate exercise is an antioxidant: upregulation 
of antioxidant genes by training. Free Radic Biol Med 2008; 44:126-131. 
 
González-Flecha B, Cutrín, J and Boveris A. Time course and mechanism of oxidative stress 
and tissue damage in rat liver subjected to in vivo ischemia–reperfusion. J Clin Invest 1993; 
91:456-64. 
57References




Gordon DJ, Probstfield JL, Garrison RJ, Neaton JD, Castelli WP, Knoke JD, Jacobs Jr DR, 
Bangdiwala S, Tyroler HA. High-density lipoprotein cholesterol and cardiovascular disease. 
Four prospective American studies. Circulation 1989; 79:8-15. 
  
Goto S, Radák Z. Hormetic effects of reactive oxygen species by exercise: a view from animal 
studies for successful aging in human. Dose Response 2009; 14:68-72.  
 
Gray K, Bennett M. Role of DNA damage in atherosclerosis–bystander or participant? Biochem 
Pharmacol 2011; 82:693-700. 
 
Ellulu MS, Patimah I, Khaza’ai H, Rahmat A, Abed y, Ali F. Atherosclerotic cardiovascular 
disease: a review of initiators and protective factors. Inflammopharmalogy 2016; 24:1-10.  
 
Esterbauer H, Gebicki J, Puhl H, Jurgens G. The role of lipid peroxidation and antioxidants in 
oxidative modifications of LDL. Free Radic Biol Med 1992; 13:341-390. 
 
Halliwell B, Gutteridge JMC. Free Radicals in Biology and Medicine. Oxford: Clarendon Press; 
1991 2nd edn.  
 
Harangi M, Seres I, Varga Z, Emri G, Szilvassy Z, Paragh G, Remenyik E. Atorvastatin effect 
on high-density lipoprotein-associated paraoxonase activity and oxidative DNA damage. Eur J 
Clin Pharmacol 2004; 60:685-691. 
 
Harman D. Aging: a theory based on free radical and radiation chemistry. J Gerontol 1956; 
11:298-300. 
 
Henriksen T, Mahoney EM, Steinberg D. Enhanced macrophage degradation of LDL 
previously incubated with cultured endothelial cells: recognition by receptors for acetylated 
LDL. Proc Natl Acad Sci U.S.A. 1981; 78:6499-6503. 
 
Hessler JR, Morel DW, Lewis LJ, Chisolm GM. Lipoprotein oxidation and lipoprotein-induced 
cytotoxicity. Arteriosclerosis 1983; 3:215-222. 
 
Hevonoja T, Pentikäinen MO, Hyvönen MT, Kovanen PT, Ala-Korpela M. Structure of low-
density lipoprotein (LDL) particles: basis for understanding molecular changes in modified 
LDL. Biochim Et Biophys ACTA– Molecular and Cell Biology Lipids 2000; 1488:189-210. 
 
Hwang SJ, Ballantyne CM, Sharrett AR, Smith LC, Davis CE, Gotto AM Jr, Boerwinkle E. 
Circulating adhesion molecules VCAM-1, ICAM-1, and E-selectin in carotid atherosclerosis 
and incident coronary heart disease cases: the Atherosclerosis 
Risk in Communities (ARIC) study. Circulation 1997; 96:4219–4225. 
 
Jenkins RR. Free radical chemistry. Relationship to exercise. Sports Med 1988; 5:156-170. 
 
Jessup W, Kritharides L. Metabolism of oxidized LDL by macrophages. Curr Opin Lipidol 
2000; 11:473-481. 
 
Kanter MM, Nolte LA, Holloszy JO. Effects of an antioxidant vitamin mixture on lipid 
peroxidation at rest and post-exercise. J Appl Physiol 1993; 74:965-969. 
 
Kaur H, Halliwell B. Action of biologically-relevant oxidizing species upon uric acid. 
Identification of uric acid oxidation products. Chem Biol Interact 1990; 73:235-247. 
 
Kawashima T, Hayashi K, Kosaka A, Kawashima M, Igarashi T, Tsutsui H, Tsuji NM, 
Nishimura I, Hayashi T, Obata A. Lactobacillus plantarum strain YU from fermented foods 
activates Th1 and protective immune responses. Int Immunopharmacol 2011; 12:2017–2024. 
 
Knez WL, Coombes JS, Jenkins DG. Ultra-endurance exercise and oxidative damage: 
implications for cardiovascular health. Sports Med 2006; 36:429-441. 
 
Knez WL, Jenkins DG, Coombes JS. Oxidative stress in half and full Ironman triathletes. Med 
Sci Sports Exerc 2007; 39:283-8.  
 
Konig D, Wagner KH, Elmadfa I, Berg A. Exercise and Oxidative Stress: Significance of 
Antioxidants with Reference to Inflammatory, Muscular, and Systemic Stress. Exerc Immunol 
Rev 2001; 7:108–133. 
 
58 References




Gordon DJ, Probstfield JL, Garrison RJ, Neaton JD, Castelli WP, Knoke JD, Jacobs Jr DR, 
Bangdiwala S, Tyroler HA. High-density lipoprotein cholesterol and cardiovascular disease. 
Four prospective American studies. Circulation 1989; 79:8-15. 
  
Goto S, Radák Z. Hormetic effects of reactive oxygen species by exercise: a view from animal 
studies for successful aging in human. Dose Response 2009; 14:68-72.  
 
Gray K, Bennett M. Role of DNA damage in atherosclerosis–bystander or participant? Biochem 
Pharmacol 2011; 82:693-700. 
 
Ellulu MS, Patimah I, Khaza’ai H, Rahmat A, Abed y, Ali F. Atherosclerotic cardiovascular 
disease: a review of initiators and protective factors. Inflammopharmalogy 2016; 24:1-10.  
 
Esterbauer H, Gebicki J, Puhl H, Jurgens G. The role of lipid peroxidation and antioxidants in 
oxidative modifications of LDL. Free Radic Biol Med 1992; 13:341-390. 
 
Halliwell B, Gutteridge JMC. Free Radicals in Biology and Medicine. Oxford: Clarendon Press; 
1991 2nd edn.  
 
Harangi M, Seres I, Varga Z, Emri G, Szilvassy Z, Paragh G, Remenyik E. Atorvastatin effect 
on high-density lipoprotein-associated paraoxonase activity and oxidative DNA damage. Eur J 
Clin Pharmacol 2004; 60:685-691. 
 
Harman D. Aging: a theory based on free radical and radiation chemistry. J Gerontol 1956; 
11:298-300. 
 
Henriksen T, Mahoney EM, Steinberg D. Enhanced macrophage degradation of LDL 
previously incubated with cultured endothelial cells: recognition by receptors for acetylated 
LDL. Proc Natl Acad Sci U.S.A. 1981; 78:6499-6503. 
 
Hessler JR, Morel DW, Lewis LJ, Chisolm GM. Lipoprotein oxidation and lipoprotein-induced 
cytotoxicity. Arteriosclerosis 1983; 3:215-222. 
 
Hevonoja T, Pentikäinen MO, Hyvönen MT, Kovanen PT, Ala-Korpela M. Structure of low-
density lipoprotein (LDL) particles: basis for understanding molecular changes in modified 
LDL. Biochim Et Biophys ACTA– Molecular and Cell Biology Lipids 2000; 1488:189-210. 
 
Hwang SJ, Ballantyne CM, Sharrett AR, Smith LC, Davis CE, Gotto AM Jr, Boerwinkle E. 
Circulating adhesion molecules VCAM-1, ICAM-1, and E-selectin in carotid atherosclerosis 
and incident coronary heart disease cases: the Atherosclerosis 
Risk in Communities (ARIC) study. Circulation 1997; 96:4219–4225. 
 
Jenkins RR. Free radical chemistry. Relationship to exercise. Sports Med 1988; 5:156-170. 
 
Jessup W, Kritharides L. Metabolism of oxidized LDL by macrophages. Curr Opin Lipidol 
2000; 11:473-481. 
 
Kanter MM, Nolte LA, Holloszy JO. Effects of an antioxidant vitamin mixture on lipid 
peroxidation at rest and post-exercise. J Appl Physiol 1993; 74:965-969. 
 
Kaur H, Halliwell B. Action of biologically-relevant oxidizing species upon uric acid. 
Identification of uric acid oxidation products. Chem Biol Interact 1990; 73:235-247. 
 
Kawashima T, Hayashi K, Kosaka A, Kawashima M, Igarashi T, Tsutsui H, Tsuji NM, 
Nishimura I, Hayashi T, Obata A. Lactobacillus plantarum strain YU from fermented foods 
activates Th1 and protective immune responses. Int Immunopharmacol 2011; 12:2017–2024. 
 
Knez WL, Coombes JS, Jenkins DG. Ultra-endurance exercise and oxidative damage: 
implications for cardiovascular health. Sports Med 2006; 36:429-441. 
 
Knez WL, Jenkins DG, Coombes JS. Oxidative stress in half and full Ironman triathletes. Med 
Sci Sports Exerc 2007; 39:283-8.  
 
Konig D, Wagner KH, Elmadfa I, Berg A. Exercise and Oxidative Stress: Significance of 
Antioxidants with Reference to Inflammatory, Muscular, and Systemic Stress. Exerc Immunol 
Rev 2001; 7:108–133. 
 
59References
30921672_Turun_yliopisto_Vaitoskirja_Iiro_Valimaki_sisus_18_10_30.indd   59 31.10.2018   10.10.53
 
 
Kontush A, Chantepie S, Chapman MJ. Small dense HDL particles exert potent protection of 
atherogenic LDL against oxidative stress. Arterioscler Thromb Vasc Biol 2003; 23:1881-1888. 
 
Koyama K, Kaya M, Ishigaki T, Tsujita J, Hori S, Seino T, Kasugai A. Role of xanthine oxidase 
in delayed lipid peroxidation in rat liver induced by acute exhausting exercise. Eur J Appl 
Physiol Occup Physiol 1999; 80 :28-33. 
 
Kretzscmar M, Müller D, Hübscher J, Marin E, Klinger W. Influence of aging, training and 
acute physical exercise on plasma glutathione and lipid peroxides in man. Int J Sports Med 
1991; 12(2):218-22. 
 
Kujala UM, Ahotupa M, Vasankari T, Kaprio J, Tikkanen MJ. Low LDL oxidation in veteran     
endurance athletes. Scand J Med Sci Sports 1996; 6: 303-308. 
 
Kujala UM, Ahotupa M, Vasankari TJ, Kaprio J, Tikkanen MJ. Familial aggregation of LDL 
oxidation. Scand J Clin Lab Invest 1997; 57:141-146. 
 
Lamprecht M, Greiberger JF, Schwaberger G, Hofmann P, Oettl K. Single bouts of exercise 
affect albumin redox state and carbonyl groups on plasma protein of trained men in a workload-
dependent manner. J Appl Physiol 2008; 104:1611-1617. 
 
Lee DK, Jang S, Baek EH, Kim MJ, Lee KS, Shin HS, Chung JM, Kim EJ, Lee OK, Ha JN. 
Lactic acid bacteria affect serum cholesterol levels, harmful fecal enzyme activity, and fecal 
water content. Lipids Health Dis 2009; 8:21. 
 
Leon AS, Sanchez OA. Response of blood lipids to exercise training alone and combined with 
dietary intervention. Med Sci Sports Exerc 2001; 33:502-515. 
 
Lewis GF, Rader DJ. New insights into the regulation of HDL metabolism and reverse 
cholesterol transport. Circulation 2005; 96:1221–1232. 
 
Li D, Mehta JL. Oxidized LDL, a critical factor in atherogenesis. Cardiovasc Res 2005; 68:353. 
 
Li D, Mehta JL. Antisense to endothelial ox-LDL receptor LOX-1 inhibits ox-LDL-mediated 
upregulation of MCP-1 expression and monocyte adhesion to human coronary artery 
endothelial cells. Circulation 2000; 101:2889–2896. 
 
Libby P. Inflammation in atherosclerosis. Nature 2002; 420: 868–874. 
 
Libby P, Simon D.I. Inflammation and thrombosis – the clot thickens. Circulation 2011; 
103:1718-1720. 
 
Lindsay FH, Hawley JA, Myburgh KH, Schomer HH, Noakes TD, Dennis SC. Improved 
athletic performance in highly trained cyclists after interval training. Med Sci Sports Exerc 
1996; 8:1427-1434. 
 
Linna M, Borg P, Kukkonen-Harjula K, Fogelholm M, Nenonen A, Ahotupa M, Vasankari TJ. 
Successful weight maintenance preserves lower levels of oxidized LDL achieved by weight 
reduction in obese men. Int J Obes 2007; 31: 245-253. 
 
Lissi C, Pascual MD, Del Castillo. Luminol luminescence induced by 2,2 0-azo-bis(2-
amidinopropane) thermolysis. Free Radic Res Commun 1992; 17:299-311. 
 
Mackness MI, Arrol S, Durrington PN. Paraoxonase prevents accumulation of lipoperoxides in 
low-density lipoprotein. FEBS Lett. 1991; 286: 152–154. 
 
Mackness MI, Arrol S, Abbott C, Durrington PN. Protection of low-density lipoprotein against 
oxidative modification by high-density lipoprotein associated paraoxonase. Atherosclerosis 
1993; 104:129-135. 
 
Mahoney DJ, Tarnopolsky MA. Understanding skeletal muscle adaptation to exercise training 
in humans: contributions from microarray studies. Phys Med Rehabil Clin N Am 2005; 16:859–
873. 
 
Maiolino G, Rossitto G, Caielli P, Bisogni V, Rossi GP, Calo LA. The role of oxidized low-
density lipoproteins in atherosclerosis: the myths and the facts. Mediators Inflamm 2013; 
714653. 
60 References
30921672_Turun_yliopisto_Vaitoskirja_Iiro_Valimaki_sisus_18_10_30.indd   60 31.10.2018   10.10.53
 
 
Kontush A, Chantepie S, Chapman MJ. Small dense HDL particles exert potent protection of 
atherogenic LDL against oxidative stress. Arterioscler Thromb Vasc Biol 2003; 23:1881-1888. 
 
Koyama K, Kaya M, Ishigaki T, Tsujita J, Hori S, Seino T, Kasugai A. Role of xanthine oxidase 
in delayed lipid peroxidation in rat liver induced by acute exhausting exercise. Eur J Appl 
Physiol Occup Physiol 1999; 80 :28-33. 
 
Kretzscmar M, Müller D, Hübscher J, Marin E, Klinger W. Influence of aging, training and 
acute physical exercise on plasma glutathione and lipid peroxides in man. Int J Sports Med 
1991; 12(2):218-22. 
 
Kujala UM, Ahotupa M, Vasankari T, Kaprio J, Tikkanen MJ. Low LDL oxidation in veteran     
endurance athletes. Scand J Med Sci Sports 1996; 6: 303-308. 
 
Kujala UM, Ahotupa M, Vasankari TJ, Kaprio J, Tikkanen MJ. Familial aggregation of LDL 
oxidation. Scand J Clin Lab Invest 1997; 57:141-146. 
 
Lamprecht M, Greiberger JF, Schwaberger G, Hofmann P, Oettl K. Single bouts of exercise 
affect albumin redox state and carbonyl groups on plasma protein of trained men in a workload-
dependent manner. J Appl Physiol 2008; 104:1611-1617. 
 
Lee DK, Jang S, Baek EH, Kim MJ, Lee KS, Shin HS, Chung JM, Kim EJ, Lee OK, Ha JN. 
Lactic acid bacteria affect serum cholesterol levels, harmful fecal enzyme activity, and fecal 
water content. Lipids Health Dis 2009; 8:21. 
 
Leon AS, Sanchez OA. Response of blood lipids to exercise training alone and combined with 
dietary intervention. Med Sci Sports Exerc 2001; 33:502-515. 
 
Lewis GF, Rader DJ. New insights into the regulation of HDL metabolism and reverse 
cholesterol transport. Circulation 2005; 96:1221–1232. 
 
Li D, Mehta JL. Oxidized LDL, a critical factor in atherogenesis. Cardiovasc Res 2005; 68:353. 
 
Li D, Mehta JL. Antisense to endothelial ox-LDL receptor LOX-1 inhibits ox-LDL-mediated 
upregulation of MCP-1 expression and monocyte adhesion to human coronary artery 
endothelial cells. Circulation 2000; 101:2889–2896. 
 
Libby P. Inflammation in atherosclerosis. Nature 2002; 420: 868–874. 
 
Libby P, Simon D.I. Inflammation and thrombosis – the clot thickens. Circulation 2011; 
103:1718-1720. 
 
Lindsay FH, Hawley JA, Myburgh KH, Schomer HH, Noakes TD, Dennis SC. Improved 
athletic performance in highly trained cyclists after interval training. Med Sci Sports Exerc 
1996; 8:1427-1434. 
 
Linna M, Borg P, Kukkonen-Harjula K, Fogelholm M, Nenonen A, Ahotupa M, Vasankari TJ. 
Successful weight maintenance preserves lower levels of oxidized LDL achieved by weight 
reduction in obese men. Int J Obes 2007; 31: 245-253. 
 
Lissi C, Pascual MD, Del Castillo. Luminol luminescence induced by 2,2 0-azo-bis(2-
amidinopropane) thermolysis. Free Radic Res Commun 1992; 17:299-311. 
 
Mackness MI, Arrol S, Durrington PN. Paraoxonase prevents accumulation of lipoperoxides in 
low-density lipoprotein. FEBS Lett. 1991; 286: 152–154. 
 
Mackness MI, Arrol S, Abbott C, Durrington PN. Protection of low-density lipoprotein against 
oxidative modification by high-density lipoprotein associated paraoxonase. Atherosclerosis 
1993; 104:129-135. 
 
Mahoney DJ, Tarnopolsky MA. Understanding skeletal muscle adaptation to exercise training 
in humans: contributions from microarray studies. Phys Med Rehabil Clin N Am 2005; 16:859–
873. 
 
Maiolino G, Rossitto G, Caielli P, Bisogni V, Rossi GP, Calo LA. The role of oxidized low-
density lipoproteins in atherosclerosis: the myths and the facts. Mediators Inflamm 2013; 
714653. 
61References




Malik I, Danesh J, Whincup P, Bhatia V, Papacosta O, Walker M, Lennon L, Thomson A, 
Haskard D. Soluble adhesion molecules and prediction of coronary heart disease: a prospective 
study and meta-analysis. Lancet 2001; 358: 971–976. 
 
Martinelli N, Consoli L, Girelli D, Grison E, Corrocher R, Olivieri O. Paraoxonases: ancient 
substrate hunters and their evolving role in ischemic heart disease. Adv Clin Chem; 2013; 59: 
65–100. 
 
Marzatico F, Pansarasa O, Bertorelli L, Somenzini L, Della Valle G. Blood free radical 
antioxidant enzymes and lipid peroxides following long-distance and lactacidemic 
performances in highly trained aerobic and sprint athletes.  
J Sports Jed Phys Fitness 1997; 37:235–239. 
 
Miller YI, Viriyakosol S, Binder C.J, Feramisco JR, Kirkland TN, Witztum JL. Minimally 
modified LDL binds to CD 14, induces macrophage spreading via TLR4/MD-2, and inhibits 
phagocytosis of apoptotic cells. Journal of Biological Chemistry 2003; 278:1561-1568. 
 
Milne DB, Bottnen J. Retinol, α-tocopherol, lycopene, and alpha- and beta-carotene 
simultaneously determined in plasma by isocratic liquid chromatography. Clin Chem 1986; 
32:874-876. 
 
Mineo C, Deguchi H, Griffin JH, Shaul PW. Endothelial and antithrombotic actions of HDL. 
Circulation Research 2006; 98:1352–1364. 
 
Mishchenko VP, Eremina EL, Sorokina SI, Gritsai NN, Goncharenko LL. Effect of jogging on 
lipid peroxidation, blood coagulation and anti-aggregation properties of the vascular wall. Vopr 
Med Khim 1985; 31:99–102. 
 
Monda KL, Ballantyne CL, North KE. Longitudinal impact of physical activity on lipid profiles 
in middle-aged adults: The Atherosclerosis Risk in Communities Study. J Lipid Res 2009; 
50:1685-1691. 
 
Mora S, Cook N, Buring JE, Ridker PM, Lee IM. Physical activity and reduced risk of 
cardiovascular events: potential mediating mechanisms. Circulation 2007; 116:2110-2118. 
 
Morales-Alamo D, Calbet JA. Free radicals and sprint exercise in humans. Free Radic Res 2014; 
48:30-42. 
 
Murphy AJKJ, Woollard A, Hoang N, Mukhamedova RA, Stirzaker SP, McCormick 
AT, Remaley D, Naessen T, Rodriquez-Macias KA, Lind L. Menopausal estrogen therapy 
counteracts normal aging effects on intima thickness, media thickness and intima/media ratio 
in carotid and femoral arteries. An investigation by noninvasive high-frequenct ultrasound. 
Atherosclerosis 2006; 189:387-392. 
 
Navab M, Reddy ST, Van Lenten BJ, Fogelman AM. HDL and cardiovascular disease: 
Atherogenic and atheroprotective mechanisms. Nat Rev Cardiol 2011; 8:222-232. 
 
National Institute of Health (NIH). Third Report of the National Cholesterol Education Program 
(NCEP). Expert Panel on Detection, Evaluation and Treatment of High Blood Cholesterol in 
Adults (Adult Treatment Panel III) Final Report 2002; NIH PUBLICATIONS NO:02-5215. 
 
National Institutes of Health, National Heart, Lung and Blood Institute. The Seventh Report of 
the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High 
Blood Pressure: Complete Report. United States of America, National Institutes of Health, 
National Heart, Lung and Blood Institute 2004. 
 
Nofer J-R, Kehrel B, Fobker M, Levkau B, Assmann G, von Eckardstein A. HDL and 
arteriosclerosis: beyond reverse cholesterol transport. Atherosclerosis 2002; 161:1-16. 
 
Nyberg M, Mortensen SP, Cabo H, Gomez-Cabrera MC, Vina J, Hellsten Y. Roles of sedentary 
aging and lifelong physical activity in exchange of glutathione across exercising human skeletal 
muscle. Free Radic Biol Med. 2014; 73:166–73. 
 
Ohland CL, Macnaughton WK. Probiotic bacteria and intestinal epithelial barrier function. Am 
J Physiol Gastrointest Liver Physiol 2010; 298:807-819. 
 
62 References




Malik I, Danesh J, Whincup P, Bhatia V, Papacosta O, Walker M, Lennon L, Thomson A, 
Haskard D. Soluble adhesion molecules and prediction of coronary heart disease: a prospective 
study and meta-analysis. Lancet 2001; 358: 971–976. 
 
Martinelli N, Consoli L, Girelli D, Grison E, Corrocher R, Olivieri O. Paraoxonases: ancient 
substrate hunters and their evolving role in ischemic heart disease. Adv Clin Chem; 2013; 59: 
65–100. 
 
Marzatico F, Pansarasa O, Bertorelli L, Somenzini L, Della Valle G. Blood free radical 
antioxidant enzymes and lipid peroxides following long-distance and lactacidemic 
performances in highly trained aerobic and sprint athletes.  
J Sports Jed Phys Fitness 1997; 37:235–239. 
 
Miller YI, Viriyakosol S, Binder C.J, Feramisco JR, Kirkland TN, Witztum JL. Minimally 
modified LDL binds to CD 14, induces macrophage spreading via TLR4/MD-2, and inhibits 
phagocytosis of apoptotic cells. Journal of Biological Chemistry 2003; 278:1561-1568. 
 
Milne DB, Bottnen J. Retinol, α-tocopherol, lycopene, and alpha- and beta-carotene 
simultaneously determined in plasma by isocratic liquid chromatography. Clin Chem 1986; 
32:874-876. 
 
Mineo C, Deguchi H, Griffin JH, Shaul PW. Endothelial and antithrombotic actions of HDL. 
Circulation Research 2006; 98:1352–1364. 
 
Mishchenko VP, Eremina EL, Sorokina SI, Gritsai NN, Goncharenko LL. Effect of jogging on 
lipid peroxidation, blood coagulation and anti-aggregation properties of the vascular wall. Vopr 
Med Khim 1985; 31:99–102. 
 
Monda KL, Ballantyne CL, North KE. Longitudinal impact of physical activity on lipid profiles 
in middle-aged adults: The Atherosclerosis Risk in Communities Study. J Lipid Res 2009; 
50:1685-1691. 
 
Mora S, Cook N, Buring JE, Ridker PM, Lee IM. Physical activity and reduced risk of 
cardiovascular events: potential mediating mechanisms. Circulation 2007; 116:2110-2118. 
 
Morales-Alamo D, Calbet JA. Free radicals and sprint exercise in humans. Free Radic Res 2014; 
48:30-42. 
 
Murphy AJKJ, Woollard A, Hoang N, Mukhamedova RA, Stirzaker SP, McCormick 
AT, Remaley D, Naessen T, Rodriquez-Macias KA, Lind L. Menopausal estrogen therapy 
counteracts normal aging effects on intima thickness, media thickness and intima/media ratio 
in carotid and femoral arteries. An investigation by noninvasive high-frequenct ultrasound. 
Atherosclerosis 2006; 189:387-392. 
 
Navab M, Reddy ST, Van Lenten BJ, Fogelman AM. HDL and cardiovascular disease: 
Atherogenic and atheroprotective mechanisms. Nat Rev Cardiol 2011; 8:222-232. 
 
National Institute of Health (NIH). Third Report of the National Cholesterol Education Program 
(NCEP). Expert Panel on Detection, Evaluation and Treatment of High Blood Cholesterol in 
Adults (Adult Treatment Panel III) Final Report 2002; NIH PUBLICATIONS NO:02-5215. 
 
National Institutes of Health, National Heart, Lung and Blood Institute. The Seventh Report of 
the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High 
Blood Pressure: Complete Report. United States of America, National Institutes of Health, 
National Heart, Lung and Blood Institute 2004. 
 
Nofer J-R, Kehrel B, Fobker M, Levkau B, Assmann G, von Eckardstein A. HDL and 
arteriosclerosis: beyond reverse cholesterol transport. Atherosclerosis 2002; 161:1-16. 
 
Nyberg M, Mortensen SP, Cabo H, Gomez-Cabrera MC, Vina J, Hellsten Y. Roles of sedentary 
aging and lifelong physical activity in exchange of glutathione across exercising human skeletal 
muscle. Free Radic Biol Med. 2014; 73:166–73. 
 
Ohland CL, Macnaughton WK. Probiotic bacteria and intestinal epithelial barrier function. Am 
J Physiol Gastrointest Liver Physiol 2010; 298:807-819. 
 
63References
30921672_Turun_yliopisto_Vaitoskirja_Iiro_Valimaki_sisus_18_10_30.indd   63 31.10.2018   10.10.53
 
 
O’keefe JH, Patil HR, Lavie CJ, Magalski A, Vogel RA, McCullough PA. Potential adverse 
cardiovascular effects from excessive endurance exercise. Mayo Clin Proc 2012; 87:587-595. 
 
Otocka-Kmiecik A, Lewandowski M, Szkudlarek U, Nowak D, Orlowska-Majdak M. Aerobic 
Training Modulates the Effects of Exercise-Induced Oxidative Stress on PON1 Activity. 
ScientificWorldJournal. A Preliminary Study 2014; 230271. 
 
Oztasan N, Taysi S, Gumustekin K, Altinkaynak K, Aktas O, Timur H, Siktar E, Keles S, Akar 
S, Akcay F, Dane S, Gul M. Endurance training attenuates exercise-induced oxidative stress in 
erythrocytes in rat. Eur J Appl Physiol 2004; 91:622-7. 
 
Parthasarathy S, Santanam N, Auge N. Oxidised low-density lipoprotein: a two-faced Janus in 
coronary artery disease? Biochem Pharmacol 1998; 56:279-284. 
 
Patel S, Di Bartolo BA, Nakhla S, Heather AK, Mitchell TW, Jessup W, Celermajer DS, Barter 
PJ, Rye KA. Anti-inflammatory effects of apolipoprotein A-I in the rabbit. Atherosclerosis 
2010; 212:392–397.  
 
Patil HR, O’keefe JH, Lavie CJ, Magalski A, Vogel RA, McCullough PA. Cardiovascular 
damage resulting from chronic excessive endurance exercise. Mo Med 2012; 109:312-321. 
 
Pellegrin M, Alonso F, Aubert JF, Bouzourene K, Braunersreuther V, Mach F, Haefliger JA, 
Hayoz D, Berthelot A, Nussberger J, Laurant P, Mazzolai L. Swimming prevents vulnerable 
atherosclerotic plaque development in hypertensive 2-kidney, 1-clip mice by modulating 
angiotensin II type 1 receptor expression independently from hemodynamic changes. 
Hypertension 2009; 53:782-789. 
 
Pincemail J, Deby C, Camus G, Pirnay F, Bouchez R, Massaux L, Goutier T. Tocopherol 
mobilization during intensive exercise. Eur J Appl Physiol 1988; 57:189-191. 
 
Pittaluga M, Parisi P, Sabatini S, Ceci R, Caporossi D, Valeria Catani M, Savini I, Avigliano 
L. Cellular and biochemical parameters of exercise-induced oxidative stress: relationship with 
training levels. Free Radic Res 2006; 40:607-14. 
 
Powell KE, Thompson PD, Caspersen CJ, Kendrick JS. Physical activity and the incidence of 
CHD. Annu Rev Public Health 1987; 8:253–287. 
 
Pradhan AD, Rifai N, Ridker PM. Soluble intercellular adhesion molecule-1, soluble vascular 
adhesion molecule-1, and the development of symptomatic peripheral arterial disease in men. 
Circulation 2002; 106: 820–825. 
 
Pyörälä K, De Backer G, Graham I, Poole-Wilson P, Wood D. Prevention of CHD in clinical 
practise: recommendations of the Task Force of the European Society of Cardiology, European 
Atherosclerosis Society and European Society of Hypertension. Eur Heart J 1994; 15:1300-
1331. 
 
Ramji DP, Davies TS. Cytokines in atherosclerosis: Key players in all stages of 
disease and promising therapeutic targets. Cytokine Growth Factor Rev 2015; 26:673-685. 
 
Radak Z, Asano K, Inoue M, Kizaki T, Oh-Ishi S, Suzuki K, Taniguchi N, Ohno H. Superoxide 
dismutase derivative reduces oxidative damage in skeletal muscle of rats during exhaustive 
exercise. J Appl Physiol 1995; 79:129–35. 
 
Radak Z, Chung HY, Koltai E, Taylor AW, Goto S. Exercise, oxidative stress and hormesis. 
Ageing Res Rev 2008; 7:34-42 
 
Radak Z, Zhao Z, Koltai E, Ohno H, Atalay M. Oxygen consumption and usage during physical 
exercise: the balance between oxidative stress and ROS-dependent adaptive signaling. Antioxid 
Redox Signal 2013; 18:1208–1246. 
 
Raitakari OT, Toikka JO, Laine H, Ahotupa M, Iida H, Viikari JSA, Hartiala J, Knuuti J. 
Reduced myocardial flow reserve relates to increased intima-media thickness in healthy young 
men. Atherosclerosis 2001; 156:469-475. 
 
Ramachandran S, Penumetcha M, Merchant NK, Santanam N, Rong R, Parthasarathy S. 
Exercise reduces preexisting atherosclerotic lesions in LDL receptor knockout mice. 
Atherosclerosis 2005; 178:33-38. 
 
64 References
30921672_Turun_yliopisto_Vaitoskirja_Iiro_Valimaki_sisus_18_10_30.indd   64 31.10.2018   10.10.53
 
 
O’keefe JH, Patil HR, Lavie CJ, Magalski A, Vogel RA, McCullough PA. Potential adverse 
cardiovascular effects from excessive endurance exercise. Mayo Clin Proc 2012; 87:587-595. 
 
Otocka-Kmiecik A, Lewandowski M, Szkudlarek U, Nowak D, Orlowska-Majdak M. Aerobic 
Training Modulates the Effects of Exercise-Induced Oxidative Stress on PON1 Activity. 
ScientificWorldJournal. A Preliminary Study 2014; 230271. 
 
Oztasan N, Taysi S, Gumustekin K, Altinkaynak K, Aktas O, Timur H, Siktar E, Keles S, Akar 
S, Akcay F, Dane S, Gul M. Endurance training attenuates exercise-induced oxidative stress in 
erythrocytes in rat. Eur J Appl Physiol 2004; 91:622-7. 
 
Parthasarathy S, Santanam N, Auge N. Oxidised low-density lipoprotein: a two-faced Janus in 
coronary artery disease? Biochem Pharmacol 1998; 56:279-284. 
 
Patel S, Di Bartolo BA, Nakhla S, Heather AK, Mitchell TW, Jessup W, Celermajer DS, Barter 
PJ, Rye KA. Anti-inflammatory effects of apolipoprotein A-I in the rabbit. Atherosclerosis 
2010; 212:392–397.  
 
Patil HR, O’keefe JH, Lavie CJ, Magalski A, Vogel RA, McCullough PA. Cardiovascular 
damage resulting from chronic excessive endurance exercise. Mo Med 2012; 109:312-321. 
 
Pellegrin M, Alonso F, Aubert JF, Bouzourene K, Braunersreuther V, Mach F, Haefliger JA, 
Hayoz D, Berthelot A, Nussberger J, Laurant P, Mazzolai L. Swimming prevents vulnerable 
atherosclerotic plaque development in hypertensive 2-kidney, 1-clip mice by modulating 
angiotensin II type 1 receptor expression independently from hemodynamic changes. 
Hypertension 2009; 53:782-789. 
 
Pincemail J, Deby C, Camus G, Pirnay F, Bouchez R, Massaux L, Goutier T. Tocopherol 
mobilization during intensive exercise. Eur J Appl Physiol 1988; 57:189-191. 
 
Pittaluga M, Parisi P, Sabatini S, Ceci R, Caporossi D, Valeria Catani M, Savini I, Avigliano 
L. Cellular and biochemical parameters of exercise-induced oxidative stress: relationship with 
training levels. Free Radic Res 2006; 40:607-14. 
 
Powell KE, Thompson PD, Caspersen CJ, Kendrick JS. Physical activity and the incidence of 
CHD. Annu Rev Public Health 1987; 8:253–287. 
 
Pradhan AD, Rifai N, Ridker PM. Soluble intercellular adhesion molecule-1, soluble vascular 
adhesion molecule-1, and the development of symptomatic peripheral arterial disease in men. 
Circulation 2002; 106: 820–825. 
 
Pyörälä K, De Backer G, Graham I, Poole-Wilson P, Wood D. Prevention of CHD in clinical 
practise: recommendations of the Task Force of the European Society of Cardiology, European 
Atherosclerosis Society and European Society of Hypertension. Eur Heart J 1994; 15:1300-
1331. 
 
Ramji DP, Davies TS. Cytokines in atherosclerosis: Key players in all stages of 
disease and promising therapeutic targets. Cytokine Growth Factor Rev 2015; 26:673-685. 
 
Radak Z, Asano K, Inoue M, Kizaki T, Oh-Ishi S, Suzuki K, Taniguchi N, Ohno H. Superoxide 
dismutase derivative reduces oxidative damage in skeletal muscle of rats during exhaustive 
exercise. J Appl Physiol 1995; 79:129–35. 
 
Radak Z, Chung HY, Koltai E, Taylor AW, Goto S. Exercise, oxidative stress and hormesis. 
Ageing Res Rev 2008; 7:34-42 
 
Radak Z, Zhao Z, Koltai E, Ohno H, Atalay M. Oxygen consumption and usage during physical 
exercise: the balance between oxidative stress and ROS-dependent adaptive signaling. Antioxid 
Redox Signal 2013; 18:1208–1246. 
 
Raitakari OT, Toikka JO, Laine H, Ahotupa M, Iida H, Viikari JSA, Hartiala J, Knuuti J. 
Reduced myocardial flow reserve relates to increased intima-media thickness in healthy young 
men. Atherosclerosis 2001; 156:469-475. 
 
Ramachandran S, Penumetcha M, Merchant NK, Santanam N, Rong R, Parthasarathy S. 
Exercise reduces preexisting atherosclerotic lesions in LDL receptor knockout mice. 
Atherosclerosis 2005; 178:33-38. 
 
65References
30921672_Turun_yliopisto_Vaitoskirja_Iiro_Valimaki_sisus_18_10_30.indd   65 31.10.2018   10.10.54
 
 
Reid MB. Reactive oxygen and nitric oxide in skeletal muscle. News Physiol Sci 1996; 11:114-
9. 
 
Ross R, Glomset JA. Atherosclerosis and the arterial smooth muscle cell: proliferation of 
smooth muscle is a key event in the genesis of the lesions of atherosclerosis. Science 1973; 
180:1332–1339. 
 
Ross R, Harker L. Hyperlipidemia and atherosclerosis. Science 1976; 193:1094. 
 
Rye KA, Bursill CA, Lambert G, Tabet F, Barter PJ. The metabolism and anti-atherogenic 
properties of HDL. The Journal of Lipid Research 2009; 50:195-200. 
 
Sanchis-Gomar F, Olaso-Gonzalez G, Corella D, Gomez-Cabrera MC, Vina J. Increased 
average longevity among the “Tour de France” cyclists. Int J Sports Med 2011; 32:644-7. 
 
Scarpellini E, Cazzato A, Lauritano C, Gabrielli M, Lupascu A, Gerardino L, Abenavoli L, 
Petruzzellis C, Gasbarrini G, Gasbarrini A. Probiotics: which and when? Dig Dis 2008; 26:175-
182. 
 
Schwartz GG, Olsson AG, Abt M, Ballantyne CM, Barter PJ, Brumm J, Chaitman BR, Holme 
IM, Kallend D, Leiter LA, Leitersdorf E, McMurray JJ, Mundl H, Nicholls SJ, Shah PK, Tardif 
JC, Wright RS. Effects of dalcetrapib in patients with a recent acute coronary syndrome. N Engl 
J Med 2012; 367:2089–2099.  
 
Shao B, Heinecke JW. HDL, lipid peroxidation, and atherosclerosis. J Lipid Res 2009; 50:716–
722. 
 
Shishehbor MH, Aviles RJ, Brennan ML, Fu X, Goormastic M, Pearce GL, Gokce N, Keaney 
JF Jr, Penn MS, Sprecher DL, Vita JA, Hazen SL. Association of nitrotyrosine levels with 
cardiovascular disease and modulation by statin therapy. 
JAMA 2003; 289:1675–1680.  
 
Sies H. Oxidative stress: oxidants and antioxidants. Exp Physiol 1997; 82:291-295. 
Stanhope KL, Havel PJ. Endocrine and metabolic effects of consuming beverages sweetened 
with fructose, glucose, sucrose, or high-fructose corn syrup. Am J Clin Nutr. 2008; 88:1733–
1737. 
Stein O, Stein Y. Atheroprotective mechanisms of HDL. Atherosclerosis 1999; 144:285-301. 
 
Steinbacher P, Eckl P. Impact of oxidative stress on exercising skeletal muscle. Biomolecules 
2015; 5:356-377. 
 
Steinberg D. Lipoproteins and pathogenesis of atherosclerosis. Circulation 1987; 76:508-514. 
 
Steinberg D, Witztum JL. Is the oxidative modifications hypothesis relevant to human 
atherosclerosis? Do the antioxidant trials conducted to date reflect the hypothesis? Circulation 
2002; 105:2107-2111. 
 
Stocker R, Keaney JF jr. Role of oxidative modifications in atherosclerosis. Physiol Rev 2004; 
84:1381-1478.  
 
Sureda A, Ferrer MD, Tauler P, Romaguera D, Drobnic F, Pujol P, Tur JA, Pons A. Effects of 
exercise intensity on lymphocyte H2O2 production and antioxidant defences in soccer players. 
Br J Sports Med 2009; 43: 186-190. 
 
Svensson MB, Ekblom B, Cotgreave IA, Norman B, Sjöberg B, Ekblom O, Sjödin B, Sjödin 
A. Adaptive stress response of glutathione and uric acid metabolism in man following 
controlled exercise and diet. Acta Physiol Scand 2002; 176:43-56. 
 
Swift DL, Lavie CJ, Johannsen NM, Arena R, Earnest CP, O’Keefe JH, Milani RV, Blair SN, 
Church TS. Physical activity, cardiorespiratory fitness, and exercise training in primary and 
secondary coronary prevention. Circ J 2013; 77:281–292. 
 
Takada M, Ikenoya S, Yuzuriha T, Katayama K. Simultaneous determination of reduced and 
oxidized ubiquinones. Methods Enzymol 1985; 105:147-155. 
 
66 References
30921672_Turun_yliopisto_Vaitoskirja_Iiro_Valimaki_sisus_18_10_30.indd   66 31.10.2018   10.10.54
 
 
Reid MB. Reactive oxygen and nitric oxide in skeletal muscle. News Physiol Sci 1996; 11:114-
9. 
 
Ross R, Glomset JA. Atherosclerosis and the arterial smooth muscle cell: proliferation of 
smooth muscle is a key event in the genesis of the lesions of atherosclerosis. Science 1973; 
180:1332–1339. 
 
Ross R, Harker L. Hyperlipidemia and atherosclerosis. Science 1976; 193:1094. 
 
Rye KA, Bursill CA, Lambert G, Tabet F, Barter PJ. The metabolism and anti-atherogenic 
properties of HDL. The Journal of Lipid Research 2009; 50:195-200. 
 
Sanchis-Gomar F, Olaso-Gonzalez G, Corella D, Gomez-Cabrera MC, Vina J. Increased 
average longevity among the “Tour de France” cyclists. Int J Sports Med 2011; 32:644-7. 
 
Scarpellini E, Cazzato A, Lauritano C, Gabrielli M, Lupascu A, Gerardino L, Abenavoli L, 
Petruzzellis C, Gasbarrini G, Gasbarrini A. Probiotics: which and when? Dig Dis 2008; 26:175-
182. 
 
Schwartz GG, Olsson AG, Abt M, Ballantyne CM, Barter PJ, Brumm J, Chaitman BR, Holme 
IM, Kallend D, Leiter LA, Leitersdorf E, McMurray JJ, Mundl H, Nicholls SJ, Shah PK, Tardif 
JC, Wright RS. Effects of dalcetrapib in patients with a recent acute coronary syndrome. N Engl 
J Med 2012; 367:2089–2099.  
 
Shao B, Heinecke JW. HDL, lipid peroxidation, and atherosclerosis. J Lipid Res 2009; 50:716–
722. 
 
Shishehbor MH, Aviles RJ, Brennan ML, Fu X, Goormastic M, Pearce GL, Gokce N, Keaney 
JF Jr, Penn MS, Sprecher DL, Vita JA, Hazen SL. Association of nitrotyrosine levels with 
cardiovascular disease and modulation by statin therapy. 
JAMA 2003; 289:1675–1680.  
 
Sies H. Oxidative stress: oxidants and antioxidants. Exp Physiol 1997; 82:291-295. 
Stanhope KL, Havel PJ. Endocrine and metabolic effects of consuming beverages sweetened 
with fructose, glucose, sucrose, or high-fructose corn syrup. Am J Clin Nutr. 2008; 88:1733–
1737. 
Stein O, Stein Y. Atheroprotective mechanisms of HDL. Atherosclerosis 1999; 144:285-301. 
 
Steinbacher P, Eckl P. Impact of oxidative stress on exercising skeletal muscle. Biomolecules 
2015; 5:356-377. 
 
Steinberg D. Lipoproteins and pathogenesis of atherosclerosis. Circulation 1987; 76:508-514. 
 
Steinberg D, Witztum JL. Is the oxidative modifications hypothesis relevant to human 
atherosclerosis? Do the antioxidant trials conducted to date reflect the hypothesis? Circulation 
2002; 105:2107-2111. 
 
Stocker R, Keaney JF jr. Role of oxidative modifications in atherosclerosis. Physiol Rev 2004; 
84:1381-1478.  
 
Sureda A, Ferrer MD, Tauler P, Romaguera D, Drobnic F, Pujol P, Tur JA, Pons A. Effects of 
exercise intensity on lymphocyte H2O2 production and antioxidant defences in soccer players. 
Br J Sports Med 2009; 43: 186-190. 
 
Svensson MB, Ekblom B, Cotgreave IA, Norman B, Sjöberg B, Ekblom O, Sjödin B, Sjödin 
A. Adaptive stress response of glutathione and uric acid metabolism in man following 
controlled exercise and diet. Acta Physiol Scand 2002; 176:43-56. 
 
Swift DL, Lavie CJ, Johannsen NM, Arena R, Earnest CP, O’Keefe JH, Milani RV, Blair SN, 
Church TS. Physical activity, cardiorespiratory fitness, and exercise training in primary and 
secondary coronary prevention. Circ J 2013; 77:281–292. 
 
Takada M, Ikenoya S, Yuzuriha T, Katayama K. Simultaneous determination of reduced and 
oxidized ubiquinones. Methods Enzymol 1985; 105:147-155. 
 
67References
30921672_Turun_yliopisto_Vaitoskirja_Iiro_Valimaki_sisus_18_10_30.indd   67 31.10.2018   10.10.54
 
 
Teixeira-Lemos E, Nunes S, Teixeira F, Reis F. Regular physical exercise training assists in 
preventing type 2 diabetes development: focus on its antioxidant and anti-inflammatory 
properties. Cardiovasc Diabetol 2011; 10:12.  
 
Teramoto M, Bungum TJ. Mortality and longevity of elite athletes. J Sci Med Sport 2010; 
13:410-6. 
 
Tiainen S, Luoto R, Ahotupa M, Raitanen J, Vasankari T. 6-mo aerobic exercise intervention 
enhances the lipid peroxide transport function of HDL. Free Radic Res 2016; 50:1279-1285. 
 
Toikka J, Niemi P, Ahotupa M, Niinikoski H, Viikari J, Rönnemaa T, Hartiala JJ, Raitakari OT. 
Large artery elastic properties in young men: relationships to serum lipoproteins and oxidized 
low-density lipoprotein cholesterol. Arteriosclerosis, Thrombosis and Vascular Biology 1999; 
19:436-441. 
 
Toikka JO, Laine H, Ahotupa M, Haapanen A, Viikari JSA, Hartiala JJ, Raitakari OT. Increased 
arterial intima-media thickness and in vivo LDL oxidation in young men with borderline 
hypertension. Hypertension 2000; 36:929-933. 
 
Tso C, Martinic G, Fan WH, Rogers C, Rye KA, Barter PJ. High-density lipoproteins enhance 
progenitor - mediated endothelium repair in mice. Arteriosclerosis, Thrombosis and Vascular 
Biology 2006; 26:1144–1149. 
 
Urso ML, Clarkson PM. Oxidative stress, exercise, and antioxidant supplementation. 
Toxicology 2003; 189:41–54. 
 
Vasankari TJ, Kujala UM, Heinonen O, Kapanen J, Ahotupa M. Measurement of serum lipid 
peroxidation during exercise using three different methods: diene conjugation, thiobarbituric 
acid reactive material and fluorescent chromolipids. Clinica Chimica Acta 1995; 234:63-9. 
 
Vasankari TJ, Kujala UM, Vasankari TM, Vuorimaa T, Ahotupa M. Effects of acute prolonged 
exercise on serum and LDL oxidation and antioxidant defences. Free Radic Biol Med 1997; 
22:509-513. 
 
Vasankari TJ, Kujala UM, Vasankari TM, Ahotupa M. Reduced oxidized LDL levels after 10-
months exercise program. Med Sci Sports Exerc 1998; 30:1496-1501. 
 
Vasankari TJ, Lehtonen-Veromaa M, Möttönen T, Ahotupa M, Irjala K, Heinonen O, Leino A, 
Viikari J. Reduced mildly oxidized LDL in young female athletes. Atherosclerosis 2000; 151(2): 
399-405. 
 
Vasankari T, Ahotupa M, Toikka J, Mikkola J, Irjala K, Pasanen P, Neuvonen K, Raitakari O, 
Viikari J. Oxidized LDL and thickness of carotid intima-media are associated with coronary 
atherosclerosis in middle-aged men: lower levels of oxidized LDL with statin therapy. 
Atherosclerosis 2001; 155:403-412. 
 
Vollaard NB, Shearman JP, Cooper CE. Exercise-induced oxidative stress: myths, realities and 
physiological relevance. Sports Med 2005; 35:1045-1062. 
 
Vuorimaa T, Häkkinen K, Vähäsöyrinki P, Rusko H. Comparison of three maximal anaerobic 
running test protocols in marathon runners, middle-distance runners and sprinters. Int J Sports 
Med 1996; 17: 109-113 
 
Vuorimaa T, Ahotupa M, Irjala K, Vasankari T. Acute prolonged exercise reduces moderately 
oxidized LDL in healthy men. Int J Sports Med 2005; 26:420-425. 
 
Väisänen S, Gävert J, Julkunen A, Voutilainen E, Penttilä I. Contents of apolipoprotein A-I, A-
II and B of the human serum fractions for high-density and low-density lipoproteins prepared 
by common precipitation methods. Scand J Clin Lab Invest 1992; 52:853-862. 
 
Välimäki IA, Vuorimaa T, Ahotupa M, Kekkonen R, Korpela R, Vasankari T. Decreased 
training volume and increased carbohydrate intake increases oxidized LDL levels. Int J Sports 
Med 2012; 33:291-296. 
 
Wagner KH, Reichhold S, Neubauer O. Impact of endurance and ultraendurance exercise on 
DNA damage. Ann N Y Acad Sci 2011; 1229:115-123. 
 
68 References
30921672_Turun_yliopisto_Vaitoskirja_Iiro_Valimaki_sisus_18_10_30.indd   68 31.10.2018   10.10.54
 
 
Teixeira-Lemos E, Nunes S, Teixeira F, Reis F. Regular physical exercise training assists in 
preventing type 2 diabetes development: focus on its antioxidant and anti-inflammatory 
properties. Cardiovasc Diabetol 2011; 10:12.  
 
Teramoto M, Bungum TJ. Mortality and longevity of elite athletes. J Sci Med Sport 2010; 
13:410-6. 
 
Tiainen S, Luoto R, Ahotupa M, Raitanen J, Vasankari T. 6-mo aerobic exercise intervention 
enhances the lipid peroxide transport function of HDL. Free Radic Res 2016; 50:1279-1285. 
 
Toikka J, Niemi P, Ahotupa M, Niinikoski H, Viikari J, Rönnemaa T, Hartiala JJ, Raitakari OT. 
Large artery elastic properties in young men: relationships to serum lipoproteins and oxidized 
low-density lipoprotein cholesterol. Arteriosclerosis, Thrombosis and Vascular Biology 1999; 
19:436-441. 
 
Toikka JO, Laine H, Ahotupa M, Haapanen A, Viikari JSA, Hartiala JJ, Raitakari OT. Increased 
arterial intima-media thickness and in vivo LDL oxidation in young men with borderline 
hypertension. Hypertension 2000; 36:929-933. 
 
Tso C, Martinic G, Fan WH, Rogers C, Rye KA, Barter PJ. High-density lipoproteins enhance 
progenitor - mediated endothelium repair in mice. Arteriosclerosis, Thrombosis and Vascular 
Biology 2006; 26:1144–1149. 
 
Urso ML, Clarkson PM. Oxidative stress, exercise, and antioxidant supplementation. 
Toxicology 2003; 189:41–54. 
 
Vasankari TJ, Kujala UM, Heinonen O, Kapanen J, Ahotupa M. Measurement of serum lipid 
peroxidation during exercise using three different methods: diene conjugation, thiobarbituric 
acid reactive material and fluorescent chromolipids. Clinica Chimica Acta 1995; 234:63-9. 
 
Vasankari TJ, Kujala UM, Vasankari TM, Vuorimaa T, Ahotupa M. Effects of acute prolonged 
exercise on serum and LDL oxidation and antioxidant defences. Free Radic Biol Med 1997; 
22:509-513. 
 
Vasankari TJ, Kujala UM, Vasankari TM, Ahotupa M. Reduced oxidized LDL levels after 10-
months exercise program. Med Sci Sports Exerc 1998; 30:1496-1501. 
 
Vasankari TJ, Lehtonen-Veromaa M, Möttönen T, Ahotupa M, Irjala K, Heinonen O, Leino A, 
Viikari J. Reduced mildly oxidized LDL in young female athletes. Atherosclerosis 2000; 151(2): 
399-405. 
 
Vasankari T, Ahotupa M, Toikka J, Mikkola J, Irjala K, Pasanen P, Neuvonen K, Raitakari O, 
Viikari J. Oxidized LDL and thickness of carotid intima-media are associated with coronary 
atherosclerosis in middle-aged men: lower levels of oxidized LDL with statin therapy. 
Atherosclerosis 2001; 155:403-412. 
 
Vollaard NB, Shearman JP, Cooper CE. Exercise-induced oxidative stress: myths, realities and 
physiological relevance. Sports Med 2005; 35:1045-1062. 
 
Vuorimaa T, Häkkinen K, Vähäsöyrinki P, Rusko H. Comparison of three maximal anaerobic 
running test protocols in marathon runners, middle-distance runners and sprinters. Int J Sports 
Med 1996; 17: 109-113 
 
Vuorimaa T, Ahotupa M, Irjala K, Vasankari T. Acute prolonged exercise reduces moderately 
oxidized LDL in healthy men. Int J Sports Med 2005; 26:420-425. 
 
Väisänen S, Gävert J, Julkunen A, Voutilainen E, Penttilä I. Contents of apolipoprotein A-I, A-
II and B of the human serum fractions for high-density and low-density lipoproteins prepared 
by common precipitation methods. Scand J Clin Lab Invest 1992; 52:853-862. 
 
Välimäki IA, Vuorimaa T, Ahotupa M, Kekkonen R, Korpela R, Vasankari T. Decreased 
training volume and increased carbohydrate intake increases oxidized LDL levels. Int J Sports 
Med 2012; 33:291-296. 
 
Wagner KH, Reichhold S, Neubauer O. Impact of endurance and ultraendurance exercise on 
DNA damage. Ann N Y Acad Sci 2011; 1229:115-123. 
 
69References
30921672_Turun_yliopisto_Vaitoskirja_Iiro_Valimaki_sisus_18_10_30.indd   69 31.10.2018   10.10.54
 
 
Wagganer JD, Robison CE, Ackerman TA, Davis PG. Effects of exercise accumulation on 
plasma lipids and lipoproteins. Appl Physiol Nutr Metab 2015; 40:441-447. 
 
Wan Ahmad WN, Sakri F, Mokhsin A, Rahman T, Mohd Nasir N, Abdul-Razak S, Md Yasin 
M, Mohd Ismail A, Ismail Z, Nawawi H. Low serum high density lipoprotein cholesterol 
concentration is an independent predictor for enhanced inflammation and endothelial activation. 
PLoS One 2015; 23:10. 
 
Wang JS, Lee T, Chow SE. Role of exercise intensities in oxidized low-density lipoprotein-
mediated redox status of monocyte in men. J Appl Physiol 2006; 101:740-744. 
 
Wayner DDM, Burton GW, Ingold KU, Locke S. Quantitative measurement of the total, 
peroxyl radical-trapping antioxidant capability of human blood plasma by controlled 
peroxidation. FEBS Lett. 1985; 187:33–37. 
 
Yancey PG, de la Llera-Moya M, Swarnakar S, Monzo P, Klein SM, Connelly MA, Johnson 
WJ, Williams DL, Rothblat GH. High density lipoprotein phospholipid composition is a major 
determinant of the bi-directional flux and net movement of cellular free cholesterol mediated 














10. ORIGINAL PUBLICATIONS 
 
STUDY I     
Low intensity training and good maximal oxygen uptake associates with decreased 
oxidative stress in endurance runners 
 
Iiro A Välimäki 1,2, Tommi J Vasankari 3,4, Timo Vuorimaa 5 and Markku Ahotupa 2 
 
1Department of Health and Exercise and Paavo Nurmi Center, University of Turku, Turku 
2MCA Research Laboratory, Department of Physiology, University of Turku, Turku, Finland 
3UKK Institute for Health Promotion Research, Tampere, Finland 
4The National Institute for Health and Welfare, Helsinki. 














30921672_Turun_yliopisto_Vaitoskirja_Iiro_Valimaki_sisus_18_10_30.indd   70 31.10.2018   10.10.54
30921672_Turun_yliopisto_Vaitoskirja_Iiro_Valimaki_sisus_18_10_30.indd   146 31.10.2018   10.11.03
ISBN 978-951-29-7365-1 (PRINT)
ISBN 978-951-29-7366-8 (PDF)
ISSN 0355-9483 (Print) ISSN 2343-3213 (Online)
















30921672_Turun_yliopisto_Vaitoskirja_Iiro_Valimaki_kansi_wire_18_10_30.indd   2 31.10.2018   10.24.02
